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HEN we build, let us think 

that we build forever. Let 
it not be for present delight nor 
for present use alone. Let it be 
such work as our descendants 
will thank us for; and let us 
think, as we lay stone on stone, 
that a time is to come when 


those stones will be held sacred 
because our hands have touched 
them, and that men will say, as 
they look upon the labor and 
wrought substance of them, ‘See! 
This our father did for us.” 
-—John Ruskin. 
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Strength of Beams 


It has been found by experiment that the strength of a beam is proportional: 1, to its breadth, 
%, to the square of its depth, and 3, inversely proportional to its length. The strength also 
depends on: 1, the method of suspension (whether supported or fixed ends), and 2, the nature 
of the load (whether concentrated, or distributed). The above examples show method of 
calculating a beam’s strength taking the value of breaking load for the unit beam as given 
in fig. A, as a basis. This value, 3,500 Ibs., has been found by experiment to be the load 
required to break a 1” X1” X12” or unit spruce beam supported at the ends and loaded in the 
middle. 

The breaking load depends not only on the size and method of suspension of the beam but 
also upon the kind of wood. Thus breakig loads for unit beams of various kind of wood are* 
Norway red pine, 4,000 Ibs.; Georgia pitch pine, 5,000 Ibs.; white oak, 5,500 Ibs.; ash. 7,00¢ 
Ibs.; teak, 8,000 Ibs. 

Strength of beams is explained at length in the chapter on Strength of Timbers. 
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Foreword 


“The Audel’s Guides to the Building Trades” are a 
practical series of educators on the various branches of 
Modern Building Construction and are dedicated to 
Master Builders and their Associates. 


These Guides are designed to give technical trade 
information in concise, accurate, plain language. 


The Guides illustrate the hows and whys, short cuts, 
modern ways and methods of the foundation principles 
of the art. 


Each book in the series is fully illustrated and indexed 
for readiest form of reference and study. 


The Guides will speak for themselves—and help to 
increase the reader’s knowledge and skill in the Build- 
ing Trades. 
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INDEX . 


How to Use the Index.—By intelligent use of the index, the reader 
will have no difficulty in finding any item, and if he will carefully read 
the index he will be amazed at the vast amount of information to be 
found in this book, and will in this way find numerous items he would 
like to look up. ‘This constitutes one method of study—a reference 
method. 


The making of an index is an art which requires long experience, the 
indexes for these Guides being made by specialists in that line. 

An index is said to be “‘full’ when each item is indexed in two or 
more ways. For a practical example, the item “‘Rip saw,” may be 
indexed either as “Rip saw,” or “Saw(s), rip.” This method of 
entering each item in two or more ways constitutes a full index. 

In the Carpenters’ and Builders’ Gluides the author has abridged 
the index to gain more space for the main text, by largely avoiding 
the unnecessary Cross indexing. 

Accordingly, if you do not find the item “‘Rip saw” in the letter R, 
turn over to S, and look for “Saw(s), rip.” 


In case the item be not found under either heading, look up some 
associated heading, as, for instance, ‘‘Tools,”’ and follow down the 
indented items under this heading, looking for the desired item, 
“rip saw.”” 


It should be noted that when there is a main heading with comma, 
followed by indented items, the main heading should be connected 
with each indented item, thus: 


Plane(s), ills., 259-290 
* block, ills., 265, 284 


the last item being read in full, “Plane, block, 265, 284.” 


Finally, if an item be not found in one Guide, look for it in the other 
volumes of the set. For instance, the steel square is explained in Guide 
No. 1, and its application to roof framing treated at length in Guide 
No. 3. 
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Agreement form, 743-746, 759-762. 
Am. Inst. Architects standard documents, 
743—768. 

Angles, laying off, transit, ills., 558, 559. 
measurement, 516, 558. 
problems, ills., 479, 489, 490. 

Arabic notation, 434. 

Arc, finding rise of, 503. 

Arch, laying out, 492. 

Architects, specifications, 725-768. 
standard documents, 743-768. 

Architectural drawing, development of 

sketches, 703-705. 
doors and windows, 706, 710, 711. 
exterior details, 709. 
foundation, ills., 713. 
front elevation, 714. 
interior, 701-703. 
orders of architecture, 719-724. 
preliminary sketches, 698-702. 
roof framing, ills., 714. 
walls, 703. 

Area, of floors, to find, 505. 
of openings, table, 776. 

Arithmetic, addition, 435. 
circular measure, 466, 467. 
compound numbers, 455. 
decimals, 448. 
division, 438. 
evolution, 475. 
factors, 437-440-441. 
fractions, 442-447, 
greatest common divisor, 441. 
involution, 473. 
least common multiple, 442. 
measures, 455-465, 467. 
metric system, 
multiplication, 435. 
notation, 433, 434. 
numeration, 433, 434. 
percentage, 472. 
powers of numbers, 473 
proportion, 471. 
prime factors, 441. 
ratio, 470. 
roots of numbers, 474, 475. 
“rule of three,” 472. 
subtraction, 435. 
time measure, 465, 466. 
weights, 465, 470. 

Ash, 577, 582, 585, 589. 
working stress for, 577, 585. 

Avoirdupois weight table, 465. 


Bar framing, 813-820. 
Baseboards, cost of, 797. 
Basswood, stiffness table, 585. 


-Beams, breaking strength, ills., 587-604. 


cantilever, ills., 601-604. 
fixed, 584-587. 
for projecting galleries, 602, 606. 
required breadth, table, 605. 
safe load for, 595, 596. 
sizes, 596, 731. 
strongest, 584, 
supported, ills., 583, 586, 587. 
various compared, ills., 604. 
Beech, stiffness table, 585. 
Bending stress, 565, 581. 
Birch, stiffness table, 585 
Board measure, 461. 
Bond form, 757. 
Box elder, stiffness table, 585. 
Boxes and crates, const., ills., 823-825. 
Breaking load beams, 587-604. 
Bridge const. finding drive, ills., 528. 
Bridging, cost of, 805, 806. : 
specifications, 732. 
Builders’ mathematics, ills., 431-530. 
Building, estimating for, 769-812. 
laws, joist sizes, table, 597. 
paper, cost of, 777, 793. 
suggestions, 813-836. 
Bungalow const., 827, 828. 
Butternut, stiffness table, 585. 


Cc 


Cabinet projection, ills., 651-659, 668, 669. 
Capacity, metric table, 469. 
storage, figuring, 514. 
Carpenter work, cost of, 792, 796, 797. 
Cedar, 577, 585. 
Ceiling, and walls, cost of, 782, 783, 793. 
area, table, 807-810. 
heights, specifications, 726. 
Chains, surveying, ills., 563. 
Cherry, 585. 
Chestnut, 597, 732. 
Chimneys, specifications, 729. 
Circle problems, 484, 490-500, 503, 510-512. 
Circular measure, ills., 466. 
Columns, working stress for, 572, 573. 
Compass, ills., 551-636. 
Complement of angle, ills., 479, 480, 516, 517. 
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Compression, def. and test, ills., 565, 570. 
Concrete, foundation, barn, 813, 814, 817. 
mixing and cost of, 772, 792. 
Cone, area, to find, ills., 511-513. 
Conic sections, ills., 680-687. 
Contract form, 747-756. 
Contractor’s agreement, 743-746, 759-762. 
Coping, specifications, 730. 
Cornice, const, detail, ills., 715, 774. 
cost of, 797, 806. ‘ 
Cosecant, ills., 519-522, 528: 
Cosine, def., ills., 518-522. 
Cost of building, estimating, 769-812. 
Cotangent, ills., 519-522, 523. 
Crates and boxes, const., ills., 823-825. 
Cube, def., 473-475. 
root, 476, 477. 
Cubic measure, 459, 461, 469. 
Cylinder, area, to find, ills., 511, 512. 
Cypress, stiffness table, 555. 


Decagon, ills., 483. 
Decimal (s* equivalents, fractional inch, 454. 
foot and inches, table, 503. 
in percentage, 473. 
Deck roof const., ills., 529. 
Deflection, test, ills., 582. 
Deformation, def., 565. 
Depreciation of buildings, table, 811. 
Development of surfaces, 671. 
Dietzgen, drawing instruments, ills., 608-610, 
613, 620-625, 628, 649. 
level and pxrts, ills., 534, 535, 537, 539, 
547, 557. 
transit, ills., 500, 560. 
Distributed load, ills., 593, 594. 
Doors, and windows, sizes, 705, 710, 711 ' 
cost of, 786, 794. 
specifications, 736. 
Double shear test, 575, 576. 
Drawing, 607-650. 
architectural, 697-724, 
compass, ills., 610-616, 637-640, 642. 
development of surfaces, 671. 
dimensioning, ills., 642-645. 
how to draw, 628. 
inking, ills., 638. 
instruments, ills., 607-628. 
lettering, ills., 625, 646. © 
penciling, ills., 620-622. 
pens, 626, 614, 615. 
perspective, 687-696. 
projection, 651-671. 


Drawing,—Continued 

to scale, 640. 

tracing, 645. 
Drip cap, cost of, 777, 793. 
Dry measure, table, 463. 


Ductile, def., 565. 


Elastic limit, def., 536. 
Elevation, def., 657. 
Elevation, di.ference in, to determine, 533. 
Ellipse, area, to find, 512. 
describing, ills., 500, 501. 
Elm, 577, 585. 
Estimating, 769-812. 
capacity, 782. 
carpentry costs, 797. 
cost of, labor, 790, 796, 805. 
materials, 770, 795, 
depreciation, 811. 
hints, 799. 
joists required, 793. 
paint, 783. 
tables. 805-812. 
wiring, 799, 801. 
Evolution 475. 
Excavating, cost of, 791. 
Exponent, def., 474. 
Exterior finish, specifications, 733- 


F 


Factor of safety, def., 556, 505, 
Fairbanks scales, ills., 464. 
Fascia, cost of, 773. 
Figuring cost, see Estimating. 
Fir, 571, 578, 582. 585, 597, 598. 
Flashing, specifications, 733. 
Floor(s), area, to find, 505, 
const., barn, ills., 816. 
cost of, 797, 805. ‘ 
sizes, of timber, 708. 
specifications, 730, 734. 
Force, def., 566. 
Foundation, concrete, barn, 813, 814, 817. 
specilications, 728. 
Fractions, 442, 451, 
Framing, barn, 813-820. 
house, labor time table, 790. 
specifications, 730. 
Furring, cost of, 805. 


G 


Galleries, projecting, beams for, 602, 606. 
Garage, const., ills., 826, 827. 
estimating cost of, ills., 770, 800. 
Gas piping specifications, 739. 
Geometry, 477-501. 
Girders, barn const., 813, 814, 820. 
sizes, 731 
Glazing, specifications, 735. 
Grain of wood, working stress, 571, 572, 577, 
578. 
Greatest common divisor, 441. 
Grill work, ills., 526, 527, 834-836. 


Hectoliter, 469. 


Hemlock, 571, 578, 585, 597, 734. 

Heptagon, ills., 483. 

Hexagon, construction, ills., 483, 498, 499. 

Hickory, 577, 585. 

Hip rafter length, to find, ills., 525, 526. 

Hot bed, const., 821, 822. 

House, building, cost, see Estimating. 
framing, labor time table, 790. 
plans, 680, 681, 829-834. 

Hyperbola, ills., 680, 681. 

Hypothenuse, to find, ills., 502. 


Involution, 473. 

Isometric projection, ills., 659-665. 
Isosceles triangle, ills., 481. 

Interior trim, specifications, 737, 738. 


J 


Joints, stress on, 574, 578-580. 

Joists, barn const., 813, 814, 820. 
cost and quantity, 781, 782, 793, 797, 
sizes, 708, 731, 597. 
strength of, 595. 


K 


Kolesch level, ills., 531. 
Keuffel and Essen level, ills., 546. 
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Labor, cost of, 790. 
Land measure, metric table, 469. 
Lap siding, cost of, 777, 793. 
Lathing, cost of, 797, 805, 806. 
speciiications, 729. 
Lattice, 797, 805, 806, 834-836. 
Laying off angle, transit, ills., 559. 
Least common multiple, 442, 
Lettering, ills., 626, 646. 
Level, ills., 531-546. 
adjustments, 536-539. 
const., ills., 533, 535. 
directions for using, 538, 540, 542. 
lines of, 533, 535, 536. 
parts, ills., 534, 539, 546. 
tripod, 538. 
Leveling, 540. 
Linear measure, tables, 455, 468. 
Liquid measure, 462. 
Liter, def., 469. 
Load, breaking, 589-593. 
def., 566. 
distributed, ills., 593, 594. 
resultant, roof, ills., 606. 
safe, 595-597. 
Locust, 571, 585, 813, 814, 820. 
Log rule, ills., 462. 
Long measure, table, 455. 
Lookouts and joists, cost of, 781, 782, 797.} 
Lufkin log rule, ills., 462. 
Lumber, estimating, 769-812. 
qualities, tables, 732. 
see Timber. 
specifications, 733. 


Mahogany, 582, 


Maple, stiffness table, 585. 
Mason work, specifications, 728. 
Mathematics, arithmetic, 431-477, 

geometry, ills., 477-514. 

trigonometry, 515-559. 
Measure, board, 461. 

capacity, metric, 469. 

circular, 466, 467. . 

cubic, 459, 461, 469. 

dry, ills., 463. 

land, 457, 459, 469. 

linear, 455, 468. 

liquid, 462. 
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Measure,—Continued 
log rule, ills., 462. 
metric system, 467-470. 
nautical, 457. 
square, 458, 459, 468. 
surveyors’, 457, 459, 469. 
timber, ills., 462. 
time, 465, 466. 
wood, metric, 469, 

Measuring chains, ills.; 563. 

Mensuration, 501. 

Member, def., 566. 

Meter, def., 467. 

Metric tables, 467-469. 

Mill work, cost of, 785. 

_ Modulus, of elasticity, formula, 582. 
of rupture, def., 566. 

Mortar, specifications, 729. 

Mortise and tenon joint, shearing stress, ills., 

579, 580, 


Nails, est. cost and quantity, 787-789, 795. 
Natural trigonometrical functions, table, 522. 
Nautical measure, 457. 

Nonagon, ills., 483. 

Notation, 433, 434. 

Notched joint, working stress, ills., 574, 578. 
Numeration, 433, 434, 


Oak, 571, 572, 577, 578, 582, 585, 589, 597. 
beam breaking load, 604. 

Oblique angle, def., 478. 

Octagon problems, ills., 483, 498-500, 509. 

Openings, area table, 776. 

Orthographic projection, 665-671. 


P 


Painting, estimating cost, 789, 794. 
specifications, 727, 742. 

Paneling, cost of, 797, 812. 

Parabola, ills., 680, 681, 685. 

Parallax, correcting, 538. 

Parallel lines, 477, 478, 488. 

Parallelogram, area, to find, 505, 506. 

Parallelopipedon, ills., 484, 485. 

Partitions, specifications, 732. 


Pentagon, ills., 483, 497. 
Percentage, 472, 
Perimeter, 482, 
Permanent set. def., 566, 568. 
Perpendicular, erecting, ills., 477, 478, 486- 
488. 
Perspective, 687. 
Piazza, specifications, 734. 
Pine, 571, 572, 577, 578, 582, 585, 589, 596- 
598. 
flooring, 734. 
Pipe, development diag., ills., 673-679. 
Piping, specifications, 739, 740. 
Pitch table, 524. 
Plan reading, 651-696. 
cabinet projection, 651-658. 
development of surfaces, 671. 
isometric projection, 659-663. 
orthographic projectton, 665-671. 
perspective, 687. 
Plans, house, 698-711, 829-834 
Plancher, cost of, 778. 
Plane surface, ills., 479, 480. 
Plastering, specitications, 727, 729. 
Plate forms, board width, ills., 504, 524. 
Plates, barn const., 813, 814, 820. 
Polygons, 480-482, 508, 509. 
Poplar, stiffness table, 585. 
Porch, circular, board width, 504, 524. 
Porches and verandas, cost of, 797 , 805. 
Post, built up, working diag., 669, 671. 
Powers of numbers, 473. 
Prisms, various, ills., 485, 486. 
Projection, ills., 651-671. 
Proportion, 471, 472, 


Rafter, estimating, ills., 774, 780, 781, 793, 
797. < 

length, to find, ills., 523, 525, 526. 
pitch table, 524. 
sizes, 708, 731. 

Ratio, 470-472. 

Ratios, trig. functions, 518. 

Rectangle problems, 481, 495, 505, 506. 

Rectangular solid, volume of, 514. 

Resilience, def., 566. 

Rhomboid and rhombus, ills., 481. 

Right angle, def., 478, 481. 

Rods, leveling, various, ills., 562. 

Roman notation, 434. 

Roof, boards, cost of, 783, 794. 
construction problems, 523, 525, 526. 
deck, const., ills., 529. 
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Roof,—Continued Stere, def., 469. ¥/ 
framing, plan, 714. Stiffness, timber, 581, 582, 585. 


load resultant, ills., 606. 
material, estimating amt. ills., 519, 530. 
pitch table, 524. 
slant length to find, ills., 528. 
spaces, area, table, 811. 
Roots of numbers, 474-477. 
Rule and scale, draughtsmen’s, ills. 619. 
“Rule of three,” def., 472. 
Ruler, fractional decimal equivalents, 454. 
log, ills., 462. 
Ruling pens, ills., 614, 615 


Safe load for beams, 595. 
Scale, Scribner, ills., 462. 
draughtsmen’s, ills., 619. 
Secant, ills., 519-522, 523, 525. 
Section lining, 649, 650. 
Segment of circle, area, 511. 
Shear, def., 567. 
Shearing stresses, 575-578. 
Sheathing, specifications, 733. 
Shingles, cost of, 784, 785, 794, 797, 806. 
Shingling, specifications, 733. 
Shutters, cost of, 786, 794. 
Siding, cost of, 797. 
Sills, barn const., 813, 814, 820. 
cost of, 772. 792. 
sizes, 731. 
Sine, def., ills., 518-522, 524. 
Single shear test, 575, 576. 
Spacing, specifications, 732. 
Specifications, 725-768. 
agreement, 743. 
bond, 757. 
contract, 748. 
doors and windows, 735, 736. 
flooring, 734. 
framing, 730. - 
interior trim, 737. 
masons’ work 728. 
wiring, 739. 
Spruce, 572, 577, 578, 582, 585, 589, 597. 
beams, breaking load, 590, 591. 
Square, def., 473, 474. 
area to find, ills., 504, 505. 
measure, 458, 459, 468. 
root, 475, 476. 
Stadia, ills., 561. 
Stair work, cost of, 805. 
Steel joists, loading table, 599, 600. 


Strain, def., 567. 
Strength of timbers, 565-606. 
beams, 587, 601-606. 
breaking loads, 588. 
compression test, ills., 570. 
crushing strength, 577. 
safe load, 595. « 
shearing stresses, 577. 
tensile test, ills., 568. 
tension test, ills., 569. 
working stresses, 571, 572. 
Stress, def., 567. 
transverse or bending, 581. 
shearing, 577-581. ~ 
working various timbers, 571, 572, 577. 
Studding, barn const., 813, 814, 820. 
estimating, 774, 797, 806. 
Stud shoe, ills., 576. 
Supplement of angle, ills., 479, 480, 517. 
Surveying, 531-564. 
level, 531-545. 
methods, 540. 
transit, 545. 
Surveyor’s measure, table, 457, 459. 
Sweet gum, stiffness table, 585. 
Sycamore, stiffness table, 585. 


T 


T Square, use of, ills., 630-633. 
Tangent, circles, to draw, ills., 493. 
of angle, ills., 518-522, 525. 
Teak wood, breaking load, 589. 
Tenacity, def., 567, 568. 
Tensile strength, ills., 567-569. 
Tension, def., 567, 569. 
Thrusting test, wood, table, 582. 
Tiling, specifications, 730. 
Timber, crushing strength, 576, 577. 
hardness table, 732. 
measure, ills., 462. 
modulus of elasticity, table, 585. 
shearing strength for various, 578, 
specifications, 730, 731. 
strength of, 565-604. 
volume of, finding, 514. ' 
weight table, 732. 
working stress, for various, 571, 572, 577, 
Time measure, 465. 
Tough, def., 567. 
Transit, 545. 
adjustments, 553. 
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Transit.—Continued 


const., ills., 548. 

parts, ills., 548-552. 

principle of, ills., 555. 

using, directions, 556. 
‘Transverse test, wood, table, 582. 
Trapezium, area, to find, ills., 507-509. 
Trapezoid, ills., 482. 


Triangle(s) problems, 481, 494, 502, 506, 516. 


use of, 632, 633, 660. 
Trigonometry, 515. 


U 


Ultimate strength, def., 567. 
Unit, def., 433, 434. 
beams, breaking load, aa 587-604. 


V 


Veranda, specifications, 731. 

Vernier, ills., 547, 549, 556, 557. 

Versed sine, ills., 519, 520, 524. 

Volume of rectangular solid, finding, 514. 


INDEX OF. GUIDE No. 2 


WwW 


Wainscoting, cost of, 797. 
Walls, area of, table, 807-810. 
estimating, 782, 790, 795. 
Walnut, stiffness table, 585. 
Water piping, specifications, 739. 
table, const. and cost, 774, 777, 793. 
Weights, 464, 465, 470. 
Windows, and doors, sizes, 706, 710, 711, 
cost of, 785, 794. 
specifications, 735. 
Wiring, 739, 798, 799, 801-804, 
Wood, hardness table, 732. 
measure, metric table, 469, 
see Timber. 
structure of, 598. 
Working, drawings, 665. 
stresses, 571, 572, 577. 


Y 


Yield point, def., 567. 
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CHAPTER 26 


Mathematics for Builders 
and Carpenters 


An elementary knowledge of mathematics is essential to the 
carpenter in order that he may successfully solve the numerous 
problems encountered in almost any branch of carpentry. The 
oranches of mathematics of which the carpenter should possess 
2t least an elementary knowledge are: 

1. Arithmetic. 

2. Geometry. 

3. Trigonometry. 

Such knowledge will be found very useful especially in making 
up estimates, solving steel square problems, etc. 


1. ARITHMETIC 


By definition arithmetic is the science of numbers and the art 
of reaching results by their use. 


Scheme of Arithmetic.—An interesting notion of what 
arithmetic consists of is given in Funk & Wagnall’s Standard 
Dictionary in the following scheme or summary: 
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Scheme of Arithmetic 


Notation 
Basis — 1 — unit 
Arithmetic Alphabet 
0123456789 


Increased Diminished 
By tens By tens 
1, 10, 100, 1,000, etc. Ty M5015 001 ete? 
By varying scales By varying scales ~ 
loz. 1b. . 1 cwt. Yy 6/, 1 oz, 14/55 etc. 
1 pt. Iat. 1 gal. Ylb. 9/g o2.. 3% cwt. 
lin. 1 ft. iydce oe etc. 


According to the Four Ground Rules 


Addition Multiplication 
Subtraction _ Division 
By involution (powers) By evolution (roots) 


Relations Expressed by 


IRatiosee 2253) 5 Ocoee omececces 
Proportion (equality of ratios) 2:3::4: 6etc. 


Practical Applications 


‘ 


Percentage, interest, profit and loss, reduction of weights and measures, 
mensuration, etc. 
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Arithmetic Alphabet.—In arithmetic figures are used to 
represent quantities or magnitudes, thus: 


cipher one two three four five six seven’ eight nine 


0 1 2 3 4 D 6 7 8 9 


A number is one or a collection of these figures to represent 
a definite quantity or magnitude as 1 21 517 43,988, etc. 


There are various kinds of numbers as, simple, compound, 
integer, abstract, concrete, odd, even, prime, composite, etc., 
later explained. 


Notation and Numeration.—By definition, notation in arith- 
metic is the writing down of figures to express a number, and nu- 
meration of the reading of the number or collection of figures 
already written. 


By means of the ten figures given above any number can be 
expressed. 


Figures have two values, simple and local. The simple 
value of a figure is its value when standing in units’ place. 
The local value of a figure is the value which arises from its 
location. 


When one of the figures stands by itself, it is called a unit; but 
if two of them stand together, the right hand one is still called 
a unit, but the left hand one is called tens ; thus, 79 is a collec- 
tion of 9 units and 7 sets of ten units each, or of 9 units and 70 
- units, or of 79 units, and is read as seventy-nine. 


If three of them stand together, then the left hand one is 
called hundreds ; thus 279 is read two hundred and seventy-nine. 


To express larger numbers other orders of units are formed, 
the figure in the 4th place denoting thousends ; in the 5th place. 
‘ten thousands; these are called units of the fifth order. 
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The sixth place denotes hundred thousands, the seventh place 
denotes millions, etc. 

The French method (which is the same as that used in tne 
U. S.) of writing and reading large numbers is shown in the 


following 
NUMERATION TABLE 


Names of ‘ 
periods. Billions. Millions. Thousands. Units. Thousandths. 


o 
; ss zy 
2 ro} : : 
§ Z Be Z 
Order of So 2 : . 3 
Units 28 aS 344 F a 88 
Bee Bee BEG : ga 
fag 528 $52 $4 ; g54 
36s age 888 553% 58 
mem Des Tee Weep (= ee 
B76. eet 20 Ey See ° 489 


This system is called Arabic notation, and is the system in 
ordinary every day use. 


NOTE.—Roman Notation. ‘This ‘system is occasionally used as, in the Bible, for 
chapter headings, corner stones, etc. The method of expressing numbers is by letters, thus: 


Roman Table 


‘I denotes One XII denotes Twelve L denotes Fifty 

II denotes Two XIII denotes Thirteen LX denotes Sixty 

III denotes Three XIV denotes Fourteen LXX denotes Seventy 

IV denotes Four XV denotes Fifteen LXXX denotes Eighty 

V denotes Five XVI denotes Sixteen XC denotes Ninety 

VI denotes Six XVII denotes Seventeen C denotes One hundred 
VII denotes Seven XVIII denotes Eighteen D denotes Five hundred 

VIII denotes Eight XIX denotes Nineteen M denotes One thousand 

IX denotes Nine XX denotes Twenty X denotes T 

X denotes Ten XXX denotes Thirty xe wee Su os 
XI denotes Eleven XL denotes Forty enotes One en 


In the Roman notation, when any character is placed at the right hand of a larger numeral, 
its value is added to that of such numeral; as, VI, that is, V +1; XV, that is, X + V; MD, 
that is, M+ D; and thelike. I, X, and rarely C, are also placed at the left hand of other and 
larger numerals, and when so situated their value is subtracted from that of such numerals 
as, IV, that is, V— 1; XC, that is, C— X; and the like. Formerly the smaller figure wag 
sometimes repeated in such a position twice, its value being in such cases subtracted from the 
larger; as, ITX, that is, X& — II XXC, that is, C—- XX; and the like. Sometimes after thw 
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Symbol i oe 


Addition.— Uniting two or more numbers or groups of objects 
of the same kind into one is called uddition, and the number 
obtained by adding is called the sum. 

The sign of addition is + and is read ‘“‘plus’’, thus 7 + 3 is 
read “seven plus three.” 


Rule A.—Write the numbers to be added so that like orders of 
units stand in the same column. 


B.—Commencing with the lowest order, or at the right hand, 
add each column separately, and if the sum can be expressed by 
one figure, write it under the column.added. 


C.—If the sum of any column contain more than one figure, 
write the unit figure under the column added, and add the remain- 
ing figure or figures to the next column. 


EXAMPLES FOR PRACTICE 


7,060 248,124 13,579,802 

9,420 4,321 93 

1,743 889,866 478,652 

4,004 457,902 87,547,289 
22,227 Ans. 


NOTE.—Continued from page 434. 


sign ID for D, the cnaracter D was repeated one or more times, each repetition having the effect 
to multiply ID by ten; as, IDO, 5,000; 1900, 50,000; and the like. To represent numbere 
twice as great as these, C was repeated as many times before the stroke I, as the D was after it; 
as, CCI9N990, 10,000; CCCIONOO, 100,000; and the like. The ridiculous custom of using 
the Roman notation for chapter numbers, year of copyright, sections, etc., should be discon- 
tinued. 


436 _ Mathematics for Builders 
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Use great care in placing the numbers in vertical lines, as 
irregularity in writing them down is one cause of mistakes. 


Symbol = — 


Subtraction.—By definition subtraction consists in taking one 
number from another. The result obtained or ‘“‘answer’’ is 
called the difference or remainder. ’ 

The sign of subtraction is — and is read “‘minus,’’ thus 10 — 7 
is read ‘‘ten minus seven” or “‘seven from ten.” 


Rule—A. Write down the sum so that the units stand unde 
the units, the tens under the tens, etc., etc. 


B. Begin with the units, und take the under from the upper 
figure, and put the remainder beneath the line. 


C. But if the lower figure be the larger, add ten to the upper 
Sigure, and then subtract and put the remainder down—this 
borrowed ten must be deducted from the next column of figures 
where it is represented by 1. 


EXAMPLES FOR PRACTICE 


892 
46 


846 remainder. 
89,672 
46,379 


89,642,706 
48,765,421 
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Symbol mE X 


Multiplication.—This process consists in finding the amount 
of one number increased as many times as tt.cre are units in 
another. 


The number to be multiplied or increased is called: the 
multiplicand; the number by which the multiplicant is multi- 
plied is called the multiplier ; and the result thus obtained, the 
product. 


The multiplier and multiplicand which produce the product 
are called its factors. This is a word frequently used in math- 
ematical works and its meaning should be remembered. 


The sign of multiplication is x and is read “times” or mul- 
tiplied by; thus 6 x 8 is read, 6 times 2 is 48, or, 6 multiplied 
by 8 is 48. 


The principle of multiplication is the same as addition, thus 
3 X 8 = 24isthesameas8 +8 +8 = 24.. 


Rule.—Place the unit figure of the multiplier under the unit 
figure of the multiplicand and proceed as in the following examples: 


Example.—Multiply 846 by 8; and 478,692 by 143. Arrange them thus: 


487,692 
fe 143 
ee 1463076 
6,768 1950768 
487602 


69,739 ,956 
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Rule.—/f the Hultiplien have ciphers at its end, place tt as in 
the following examples: 


Example.-—Multiply 83567 by 50; and 898 by 2800. 


898 
2800 
83567 718400 
50 1796 
4,178,350 2,514,400 


‘Symbol x=) s = 


Division.— This operation consists in finding the value of one 
of a given number of equal parts intc which a quantity ts to be 
divided. 

When one number is divided by another number, the first one 
is called the dividend, and the second one, the divisor, the result 
thus obtained is called the quotient. 

The sign of division is + and is read ‘divided by,” thus 8 + 
2 is read “eight divided by two.” 

There are two methods of division known as: 

qe Onore. 

2. Long. 


In the method of short division the continued subtraction is 
effected mentally, the quotient alone being set down without 
any working. Evidently this method is suitable only for small 
divisors, as8 + 2, 1,272 + 12. 

In the method of long division the operations are written 
down in full, the method being applied with large divisors of 
two or more figures as 13,765 + 126. To apply short division 
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a eee 


with such a large divisor would involve too great a mental 
process. 


1. Short division. 


To divide by any number up to 12. 


Rule.—Put the dividend down with the divisor to the left of tt, 
with a small curved line separating it, as in the following: 


Example.—Divide 7,865,432 by 6. 


6)7,865,432 
1,310,905 — 2 


Here at the last we have to say 6 into 32 goes 5 times and 2 over; always 
place the number that is over as above, as a fraction, thus, 2/, the top figure 
being the remainder and the bottom figure the divisor, when it should be 
put close to the quotient; thus 1,310,905 2/.. 


To divide any number up to 12 with a cipher or ciphers after 
it as 20, 70, 500, 7,000, etc. 


Rule.—Place the sum down as in the last example, then mark off 
from the right of the dividend as many figures as there are ciphers 
in the divisor; also mark off the ciphers in the divisor; then 
divide the remaining figures by the number remaining in the 
divisor, thus: 


Example.—Divide 9,876,804 by 40. 


40) 9,876,804 
246,920 4/49 


2. Long division. 


To divide any number by a large divisor of two or more 
figures. 


440 Mathematics for Builders 


Example.— Divide 18,149 by 56. 


56) 18149 (324 °/s6 
168 


In the above operation the process is as follows: As neither 1 nor 18 will 
contain the divisor, take three figures 181, for the first partial dividend. 
56 is contained in 181 three times, and a remainder. Write the B, as the 
first figure in the quotient, and then multiply the divisor by this quotient 
figure thus: 3 times 56 is 168, which when subtracted from 181 leaves 13. 
To this remainder annex or “‘bring down’”’ 4 the next figure in the dividend 
thus forming 134, which is the next partial dividend. 56 is contained in 
134 two times and a remainder. Thus 2 times 56 is 112, which subtracted 
from 134 leaves 22. To the remainder bring down 9 the last figure in the 
dividend, forming 229, the last partial dividend. 56 is contained in 229 
four times and a remainder. Thus: 4 X 56 = 224, which, subtracted from 
229, gives 5, the final remainder which write in the quotient with the divi- 
sion below it, thus completing the operation of long division. 


Exact Divisor.—A divisor which is contained into a dividend a 
whole number of times is called an exact divisor. 


Thus, 5 is contained into 20 four times and is an exact divisor. 6, for 
instance, is contained into 20 three times with 2 left over and is therefore 
not an exact divisor. 


Factors.—By definition a factor is one of two or more quantities 
which, when multiplied together produce a given quantity. 


Thus, 4 and 5 are factors of 20 because 4 multiplied by 5 equals 20. 


A prime factor of a number is one which cannot be separated 
into factors. 
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Thus 4 is a factor of 20 but is not a prime factor because it is made up of 
two factors two and two; thatis, 2 x 2 = 4. 


Apply the following rule to obtain the prime factors of a 
given number. 


Rule.—Dvivide the given number by any prime factor ; divide the 
quotient in the same manner, and so continue the division untti 
the quotient is a prime number. The several divisors and the last 
quotient will be the prime factors required. 


Example.—What are the prime factors of 798? 


2|798 
3/399 
7/133 
19/19 
‘te 


Since the given number is even, divide by 2, and obtain the odd number 
399 for a quotient. Then divide by the prime number 3, 7, and 19 as above 
the last quotient being 1. The divisions 2, 3, 7, and 19 then are the prime 
factors of 798. 


Greatest Common Divisor.—By definition, the greatest com- 
mon divisor of two or more numbers is the greatest number that 
will exactly divide each of them. 


To find the greatest common divisor. 


Rule.—1. Write the numbers in a line, with a vertical line at 
the left, and divide by any factor common to all the numbers. 2. 
Divide the quotient in like manner, and continue the dividend till 
a set of quotients 1s obtained that are prime to each other. 3. 
Multiply all the divisors together and the product will be the 
greatest common divisor sought. 
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Example.—What is the greatest common divisor of 72, 120 and 440? 


4(72 120 440 
2/18 30 110 
9» Blbiy 155 


4 will exactly divide each of the given numbers, and 2, each of the quotients 
obtained by dividing by 4. The last quotients 9, 15 and 55 are prime to 
each other, hence greatest common divisor is 4 * 2 = 8. 


Least Common Multiple.—By defirlition the least common 
multiple of two or more numbers is the least number exactly 
divisible by those numbers. 


To find the least common multiple. 


Rule.—1. Resolve the given numbers into their prime factors. 
2. Multiply together all the prime factors of the largest number, 
and such prime factors of the other numbers as are not found in the 
largest number. Their product will be the least common multiple. 
3. When a prime factor is repeated in any of the given numbers 
it must be taken as many times in the multiple, as the greatest 
number of times it appears in any of the given numbers. 


Example.—Find the least common multiple of 60, 84 and 132. 


60=2x2x3~x5 

8&=2x2x3x7 

1832 =2x2x3xll 
(2x23 x 11) X 5 X7 = 4,620 


The tactor 2 appears twice in each number, hence, applying 3, of the rule 
it is written down in the least common multiple twice. By inspection the 
factors not found in the largest number are 7 and 5, these are written down 
as above together with the factors of 132, giving 4,620 the least common 
multiple. 


Fractions.—By definition a fraction is a quantity less than a 
unit. 
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Fractions take their name and value from the number of parts 
into which the unit is divided. Thus, if the unit be divided into 
2 equal parts, one of these parts is called one-half, as M, in fig. 
1,231; if divided into 3 equal parts, one of these parts is called 
one-third, as S, in fig. 1,232. 

Evidently from the figures one-half or M is larger than one- 
third or S. 


A 


ONE HALF 


QNE THIRD 


D 


Fics. 1,231 and 1,232.—Graphic representation of fractional parts. The figures show a rec- 
tangle ABCD, representing a unit divided into two equal parts or halves (fig. 1,231) and 
into three equal parts or thirds (fig. 1,232). Evidently the shaded section M, or one half is 
larger than the shaded section S, or one third. 


To express a fraction by figures two numbers are required: one to express 
the number of parts into which the unit is divided and the other to express 
the number of these parts, making up the fraction. 


The number expressing the number of parts taken called the numerator 
is written above a diagonal or horizontal line and that expressing the number 
of parts into which the unit is divided called the denominator is written 
below the line, thus: ‘ 


444 ‘Mathematics for Builders 


one-half two-thirds five-eignths eleven-sixteenths 
is written : 
a) % ‘ % 1/16 


The line as stated may be either diagonal or horizontal, thus one-half is 
written either 4% or 4. The horizontal line is more conveniently used 


where the numerator and denominator contain several figures as 296 
785 


T he terms of a fraction are the numerdtor and denominator taken together, 
and for convenience in calculation a fraction should be “reduced to its 
lowest terms” later explained. 


! Definitions ; 


Complex Fraction.—One whose numerator or denominator is a fraction. 
Compound Fraction.—A fraction of a fraction. 


Improper Fraction.—One whose numerator equals or exceeds its 
denominator. 


Partial Fractions.—Fractions where sum may be reduced to the original 
fraction. 


Proper Fraction.—One whose numerator is less than its denominator. 


Simple Fraction.—One whose numerator and denominator are whole 
numbers. 


Vulgar Fraction.—One expressed by a numerator and denominator as 
distinguished from a decimal fraction. 


The following general principles should be noted: 


1. A change in the numerator produces a like change tn the 
value of the fraction. 


2. Multiplying the denominator divides -the fraction and 
dividing the denominator multiplies the fraction. 


3. Multiplying or dividing both terms of the fraction by the 
same number does not alter the value of the fraction. 


To reduce a fraction to its lowest terms. 
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Rule.— Divide both numerator and denominator by their 
greatest common divisor. 
Example.—Reduce 29/49 to its lowest terms. 
A Find greatest common divisor: B Divide both terms by greatest 


2/20 40 common divisor: 
2}10 20 20120. , 
5} 5 10 90140. > 7? 

5 ee, 


2X 2x 5 = 20 greatest common divisor. 


Find the greatest common divisor 20 as at A, divide both terms by 20 
as at B, obtaining 14 which is the lowest terms of 29/4. 


To change an improper fraction to a mixed number. 


Rule.— Divide the numerator by the denominator. 


Example.—Change 4°9/; to a mixed number. 
491. = 49 5 94/, 


To change a mixed number to an improper fraction. 


Rule.—Multiply the whole number by the denominator of the 
fraction; to the product add the numerator and place the sum over 
the denominator. 


Example.—Change 125g to an improper fraction. 


multiply whole number by denominator 12 * 8 = 96 
add the numerator 5 
sum 101 


: 101 
place sum over denominator vat 


To reduce fractions to a common denominator. 


Rule.— Multiply each numerator by all of the denominators 
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except its own for the new numerator and all the denominators’ 
together for the common denominator. 


n : 
New numerator of first fraction =1xX3x5=15 
New numerator of second fraction = 1x 2x5=10 
New numerator of third fraction =3xX3X*2=18 
Common denominator = 2 X 3 X 5 = 30 


from which the fractions become 
Toc OsWeLs 


30 30 30 
To add fractions. 
Rule.— Reduce them to a common denominator, add the numer- 
ators and place their sum over the common denominaior. 
Example.—Add 1%, 4 and 34 
A Reduce to common B Add numerators: CG Place sum over 


denominator: common denom- 
13 G Ds wl) 15 inator: , 
VSG OES = sO 10 43 
3.363) 2. S18 i 18 30 


The sum of the fractions (48/39) is an improper fraction, hence, reduce to 
mixed number. 
43/59 = 43 + 30 = 1 18/55 


To subtract fractions. 


Rule.—Reduce them io a common denominator, subtract the 

numerators and place the difference over the common denominator. 
Example.—Subtract 3/; from 4/5. 

A Reduce to com- B Subtract the C Place difference 


mon denominator numerators over the com- 
o 5215 28 mon denomina- 
¢ Way a far a7) 15 tor 

7X5 = 35 13 (difference) 


13. 
35 
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To multiply fractions. 


Rule.—(Case I. Multiplying by a whole number.) Multiply 
the numerator or divide the denominator by the whole number. 


Example.—Miultiply 7/1. by 4. 


A Multiplying numerator B Dividing denominator 
he X 4 = 8/y. = 24/1, = 2% The X4= 7/3 = 2% 


Rule.—(Case II. Multiplying by a fraction.) Multiply the 
numerators for a new numerator and the denominators for a new 
denominaior. 


Example.—Miultiply 34 by 5/,. 


S 5 
4 x, = X28 


Division of fractions. 


Rule.—(Case I. Dividing by a whole number.) Divide the 
numerator, or multiply the denominator by the whole number. 


Example.—Divide 19/,3 by 5. 


A Dividing numerator B Multiplying denominator 
10/13 + 5 = 2/15 10/13 + 5 = 10/g, = 2/15 


Rule.—(Case II. Dividing by a fraction.) Invert the divisor 
and proceed as in multiplication. 
Example.—Divide 34 by 5/7. 
A Invert divisor B Multiply by inverted divisor 
5/7 inverted is 7/, 34 X Ts = {sq = 1/o0 
The two operations are expressed thus: 
34 + Bly = 34 X M5 = oo = 120 


| 
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Symbol PS — © cecimal point) 


Decimal Fractions.—<A decimal fraction is one or more of the 
decimal divisions of a unit. 

The word decimal means ten and decimal fractions are usually 
called simply decima’s. In the formation ofa fraction a single 
unit is divided into 10 parts as in fig. 1,233. 


FIRST ORDEROR “rentas”(,]) 


SECOND ORDER 
OR“HUNDREDTHS” J 


ary 
6}7|5] 90 (0) l) de een 
‘ (001) 
Tr 


Fics. 1,233 to 1,235.—Graphic representation of decimal fractions. Fig. 1,233, a unit divided 
into ten parts—lst order or “‘tens’”’; fig. 1,234 one of the “‘tens’’ as LARF, divided into ten 
parts—2nd order or “hundredths”; fig. 1,235, one of the “hundredths” as larf, divided into 
ten parts—3rd order or thousandths. Similarly the process of division may be continued 

. indefinitely. 


Here the big rectangle or unit is divided into ten parts, then any one of 
these partsas LARF, is }/:00f the unit. In the decimal system however it 
is not necessary to write the denominator because the same law of local 
value governs the decimals as the integral numbers. The “decimal point’ 
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(.) is always placed before the decimal figures to distinguish them from 
integers. 


The law of local value, for decimals assigns: 


The first place at the right of the decimal. point to 10ths—(l1st order) 
the second place at the right of the decimal point to 100ths—(2nd order) 


The third place at the right of the decimal point to 1,000ths—(8rd order) 


Thus in fig. 1,233 LARF, or 1/10 0f the unit is written .1. Fig. 1,234, shows 
section LARF of fig. 1,233 divided into 10 parts. Evidently one of these 
parts is equal to one hundredth of the unit and is expressed as .01. 


Similarly one of the ten parts of larf (fig. 1,235) is equal to one thou- 
sandth of the unit and is expressed as .001. Evidently if several of the parts 
were taken they would be expressed for instance, as .2, .03, .009. The 
decimal may include parts of the several orders as .23. .145, etc. 


Any decimal or combination of a decimal and integer may be 
read by applying the following table: 


Numeration of Decimals 


QD 
a = 
om ue} 
ro) + & 
a ‘ 8 
Z 2) C a) 2 ‘ 
-_ ° °o 
i eae: 3 Se eee 
Sune g: i ea ham Nae OM 
3 2) so) 7) eS & a =, 2 pe) E 
ee dee ee eer a er a 
a iz iq a =) (a) G 0) = G q 
tee ae Bee 1 2.3 a 
rk he be is pe rw 5 5 5 5 
Nog ae ee Bagong eg 
a & = to) & =~ ° 5 5 6 
° ° ° ° ro) = a) ° Pe 
Es S 4s) Mo} re an ye) < 
is = a) & = i & os Bey is 


Integers Decimals 
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There are several methods of numerating or reading decimals; 
one method is to numerate toward the decimal point numerating 
each figure and the decimal point as shown in figs. 1,236 and 
1,237. A second method, numerating from the decimal point 
(beginning with the first order), is shown in figs. 1,238 and 


aad bran ERS a aS 
e@ O 5 
f f NUMERATE: Pe | NUMERATE: 
UNITS, TENS, Zon f UNITS, TENS, 
? 2 AND READ S é p JHUNDREDTHS 
“ks FIVE TENTHS (ay = - ANDREAD | 
s ac = FIVE HUNDREDTHS 
S 


Fics. 1,236 and 1,237.—How to read decimals (frst method). Rule.— Numerate toward the 
decimal point (units, tens, hundredths, etc.) numerating each order and the decimal point. 


1,239. It is immaterial which method be used, the result is 
the same although some theoretical highbrows might object 
to the first method. 

A number may be made up of one or more integers and a 
decimal as 23.35; this is read twenty-three and thirty-five 
hundredths. 


2233 
eS . .O5 
f NUMERATE: 4 A NUMERATE: 
(BEGINNING WITH 2 yw  TENS,HUNDREDTHS 
f faerie sty yeni Mage 
see ea a FIVE HUNDREDTHS 
fs) 
$ 
= 


Fics. 1,238 and 1,239.—How to read decimals (second method). Rule.— Numerate from the 
decimal point, beginning with the first order “tens” 
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The practice of putting a cipher to the left of the decimal when there is 
no integer, as, for instance, 0.5, is unnecessary. 


The important thing about decimals is to always plainly 
put down the decimal point. And in case of a column of figures 
as in addition, care should be taken to have all the decimal 
points exactly under each other. 


To reduce decimals to a common denominator: 


Rule.— Annex ciphers after each decimal so that each will have 
the same number of figures or places thus: 


‘27 for same number 
325 of places become 


/ 


5 annexing ciphers ! 500 , 


that is to say 


five tenths = five hundred thousandths 
twenty-seven hundredths=two hundred 


370 IN whichtia read { and seventy thousandths. 


rp SS, 

ae v- 325 three hundred three hundred 

; ’ and twenty-five = ¢ andtwenty-five 
thousandths. thousandths, 


in other words adding ciphers after a decimal does not change its value. This 
is apparent from figs. 1,240, to 1,242. The practice of adding ciphers after 
decimals is quite unnecessary except perhaps in a very large column of 
figures to be added. 


To reduce a decimal to a common fraction. 


Rule.—Write down the denominator and reduce ‘the common 
fraction thus obtained to its lowest terms. 


Example.—Reduce .25 to a common fraction. 


A Write down denominator Reduce to lowest terms | 
25 5125 5 5 Yy 


CO 6g . 5|100~ 20 520-4. 


4 


ilders 
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Rule.—Proceed as in simple multiplication and point off as 
many places as there are in multiplier and multiplicand. 


Thus 
-1 X .0025 = .00025 


id 
Here there is one place in multiplicand and four in muttiptier, or five 


altogether. 


To divide decimals. : 
Rule.—Proceed as in simple division, and from the right hand 


of the quotient point off as many places for decimals as the decimat 
places in the dividend exceed those in the divisor. 
Examples. 
1.50 + .25 = 6. 
10 + .3 = .3(+) 


To reduce common fractions to decimals. 


Rule.— Divide the numerator by the denominator and carry 
out the division to as many decimal places as desired. 


Examples. 
4/5 to decimal 54 to decimal 
4 5 
5)4.0 8)5.000 
38 625 


The table of decimal equivalents on page 454 of common 
fractions will be found very useful especially in problems oi 
the steel square. 

Fractional Inch Decimal Equivalent 


All the eights equivalents should be memorized thus: 
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_ ‘Fo reduce a compound number to a lower denomination— 
Reduction descending. 


Bule.— Multiply the highest denomination of the given number 
bry that number of the scale will reduce it to the next lower de- 
nomination and add to the product the given number, tf any, of 
‘that lower denomination, continuing until the number 1s reduced 
to ithe denomination required. 


Examples.—Reduce 1 yd., 8 ft. and 7 ins. to ins. 
1 yd. 8 ft. 7 ins. 
__3 (scale factor 3 ft. = 1 yd.) 
ey yi 
-8 ft. to be added Reduction descending 
11 ft. 
12 (scale factor 12 ins. = 1 ft.) 
132 ins. 
7 ins. to be added 
139 ins. total 


To reduce a denominate number to a compound number of 
higher denominations—Reduction ascending. 


Rule.—Divide ihe denominate number by that number of the 
- ascending scale which will reduce it to the next higher denomina- 
lion; the quotient is in the higher denomination and the remainder 
tf any, in the lower deonmination. Continue the division until 
the number is reduced to the highest denomination required. 


Example.—Reduce 139 ins. to a compound number of higher denomina- 


tions. 
139 = 12* = LI ft., 7 ins. 


*NOTE.—12 is scale number to reduce ins. to ft. 
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Reduction ascending 
11 — 3 = 3* yds. 2 ft. 


‘NOTE.—- is scale number to reduce ft. to yds. 
Answer—3 yds. 2 ft. 7 ins. 


In any of the measures which follow the compound numbere 
may be reduced by following the rules given above, 


TABLE 
Surveyors’ or Old Land Measure 
7.92 ins. make 1 link (1.) 
25 links make 1 rod (rd.) 
4 rods or 66 ft, make 1 chain (ch.) 
80 chains make 1 mile (mi.) 


Unit equivalents 


i ins. 

sa Leos teen 

ch. 1 cep ORY We 198 

mi. Ae OO 792 
1 = 80 ='320 = 8:000 = 63,360 


Scale—ascending, 7.92, 25, 4, 80; descending, 80, 4, 25, 7.92. 


NOTE.—The denomination 7ods is seldom used in chain measure, distances being tatcee 
im chains and links. 


TABLE 
Nautical Measure 


6,080.26 ft. or 1.15156 statute miles = 1 nautical mile or knot* 


3 nautical miles = 1 league 
60 nautical miles or 69.168 statute miles = 1 degree (at the equator) 
360 degrees = circumference of earth at 
equator 


~ 


*NOTE.—The British Admiralty take the round figure 6,080 ft. for length of the “meas- 
ured rule” in trials of vessels. The value varies from 6080.26 to 6088.44 ft. according to 
dlifferent measures of the earth’s diameter. Some writers hold that the word knot should be 
used only to denote a rate of speed. The length between knots on the log fine is ‘/ion Of @ 
nautical mile, or 50.7 feet when a half-minute glass is used; thus a speed of 10 knots is equal 
to 10 nautical miles per hour. A matine measure for ropes and cables is: 1 fathom = 6 ft; 
1 cable’s length = 120 fathoms. : 
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—- 


Square Measure.—This kind of measure is used to measure 


the area of a surface; it involves two dimensions, length and 
breadth, that is: 


area = length x breadth 


“ he dimensions length and breadth may be taken in any 
ef @mination as inches, feet, yards, etc., but both must be 


,&) 


BREADTH ZINE. 


LENGTH 3-NS: 


Fic. 1,243.—Diagram illustrating square measure. If the rectangle ABCD, measure 2 ins. on 
ne side and 3 ins. on the other, and lines be drawn at each inch division, then each of the 
small squares will have an area of 1 sq. in. and the area of the rectangle will be 
area ABCD = breadth X length = 2 ¥ 3 =6 Sq. ins. 


taken in the same denominations. The word “‘square”’ is used 
to denote the product of the two dimensions, thus: 


inches (length) x inches (breadth) = square inches 
‘iquare measure is shown graphically in fig. 1,243. 
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TABLE 
Square Measure 


144 square inches (sq. ins.) make 1 square foot (sq. ft.) 
9 sq. ft. make 1 square yard (sq. yd.) 
3014 sq. yds. make 1 square rod or perch (sq. rd. or P.) 
40 rods make 1 rood (R) 
4 roods make 1 acre (A) 
640 acres make 1 square mile (sq. mi.) 


Unit equivalents 


sq. ft. sq. ins. 
sq. yd. 1 = 144 
sq. rd 1 = 9 = 1,296 
R tL el 2704 = 30.204 
A 1 =) 407 =--1,210;,-= --10,890~ =—":1-5683160 
sq.mi. 1= 4 = 160 = 4,840 = 43,560 = 6,272,640 
1 =640=2,560=102,400=3,097,600=27,878,400=4,014,489, 600 


Scale—ascending, 144, 9, 3014, 40, 4, 640; descending, 640, 4, 40, 3034, 
9, 144. 
TABLE 


Surveyors’ Square Measure 
625 square links (sq. 1.) make 1 pole (P) 
16 poles make 1 square chain (sq. ch.) 


10 square chains make 1 acre (A) 
640 acres make 1 square mile (sq. mi.) 


36 square miles (6 miles square make 1 township (Tp.) 
Unit equivalents 


sq. ch. 1 = 625 
A = 164 =5.210,000 
sq. mi. em Ope OO) ser =tan ie LOO (00) 
Tp. 1 = 640 = 6,400 = 102,400 = 64,000,000 
23 ,040 = 230,400 = 3,686,400 = 2,304 000,000 


te coms 
Scale—ascending, 625, 16, 640, 36; descending, 36, 640, 10, 16, 625. 


Cubic Measure.—This measure is used to find the volume or 


NOTE.—The denomination 700d is practically obsolete. An acre equals a square whose 
aide is 208.71 feet. 
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amount of space within the boundary surfaces of a cube or body 
having six equal square sides. It involves three dimensions, 
that is: 

volume = length X breadth x thickness 


LENGTH 3FT. 


na 
re 
oO 
i 
z 
x 
2 
x 
- 


Fic. 1,244.—Diagram illustrating cubic measure. If each side of the cube measure 3 ft. and 
it be cut as indicated by the lines, each little cube as M, will have each ofits sides 1 ft. long 
and will containl X 1 X 1 = 1cu. ft. Accordingly the large cube will contain 3 X3X3 = 
27 cu. ft. or 1 cu. yd. 


As in square measure these dimensions may be taken in any 
denomination but all must be of the same denomination. 


The word “cubic” is used to denote the product of the three 
dimensions, thus: 


inches (length) x inches (breadth) x inches (thickness) = cubic inche™ 
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Cubic measure is shown graphically in fig. 1,244. 


TABLE 
Cubic Measure 


1,728 cubic inches (cu. in.) make 1 cubic foot (cu. ft.) 
27 cubic feet make 1 cubic yard (cu. yd.) 


40 cubic feet of round timber or 
5 cubic feet of hewn timber Cte Oa) 
16 cubic feet make 1 cord foot (cd. ft.) 


Sess aa ft make 1 cord of wood (Cd.) 
2434 cubic feet make 1 perch of stone masonry or (Pch.) 


Scale—Most of the unit equivalents are fractional except 1,728 and 27, 
and are therefore omitted. 


There are other kinds of cubic measure known collectively as 
measures of capacity. These are divided into two classes: 

1. Liquid. 

Ze Dry. 

Liquid measure also known as wine measure is used in measur- 
ing various liquids as water, molasses, liquors, etc. 


TABLE 
Board Measure 


lboard1 in. thiek x 1 ft. wide x 1 ft. long = 1 ft. board measure (B. M.) 
lboard 2 in. thick x 1 ft. wide x 1 ft. !ong = 2 ft. board measure 
1 board 14 in. thick x 1 ft. wide x 1 ft. long = 1 ft. board measure 

etc. 


from which follows 


Board Measure Rule.—Multiply length in ft. by width tn 
ft. of the board and multiply this product by 1 for board an inch or 
less than an inch in thickness, and by the thickness in inches and 
fractions of an inch for board over 1 in. in thickness. 


Example.—How many feet board measure (B. M.) in a board 12 ft. 
long by 18 ins. wide by % in. thick?;, by 134 in. thick? 
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18 ins. = 18 + 12 = 1% ft. 
board in. thick = 12 xX 14% X 1= 18 ft. B.M. 


x 
board 134 in. thick = 12 x 1% xX 1% 
= 12 1.5 X 1.75 = 31.5 ft. B. M. 
TABLE 
Liquid measure 
4 gills (gi.) make 1 pint (pt.) 
2 pints make 1 quart (qt.) 
4 quarts make 1 gallon (gal.)* 
311% gallons make 1 barrel (bbl.) 
2 barrels or 63 gallons make 1 hogshead (hhd.) 
Unit equivalents 
—pt. gi. 
qt. oat 
gal. [i =o hia EG 
bbl. 1 = 4 = 8 = 32 
hhd. 1 = -81}45= 126 = 252 = 1,008 
1 t=. 2) F=163)) =. 252) = 504 = 922016 


Scale—ascending, 4, 2, 4, 3114, 2; 


Fic. 1,245.—Lufkin Pacific coast log rule for large timber especiatly 
adapted to Pacific coast requirements, 7g in square, and has 12 
ins. forged steel hook (Seattle pattern). Marking is Scribner’s 
scale for even length logs 20 to 43 f., inclusive. 


*NOTE.—There are two kinds of ealone: the U.S. gallon = 231 cu. ins.; the British 
Imperial gation = 277.274 cu. ins. 
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Dry measure is used for measuring such articles as grain, 
salt, fruit, ashes, etc. 
TABLE 
Dry measure 
2 pints (pt.) make 1 quart (qt.) 
8 quarts make 1 peck (pk.) 
4 pecks make 1 bushel (bu.)* 


Unit equivalents 


Fics. 1,246 to 1,250.—Various dry measure containers. A, pint; B, quart; C, peck; D, 4 
bushel; E, bushel basket. 


*NOTE.—The standard U. S. bushel is the Winchester bushel, which is, in cylinder form, 
1834 ins. in diameter and 8 ins. deep; it contains 2150.42 cu. ins. A struck bushel contains 
2150.42 cu. in. or 1.2445 cu. ft. A heaped bushel is a cylinder 1844 ins. in diameter and 8 ins. 
deep, with a heaped cone not less than 6 ins. high. The British Imperial bushel = 8 imperial 
gallons = 2218.192 cu. ins. or 1.2837 cu. ft. 
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Measures of Weight.—By definition, weight is the measure 
of the force with which bodies tend toward the earth’s center; the 
downward pressure due to gravity minus the centrifugal force due 
to the earth’s rotation. Weight differs from gravity in being the 
effect of gravity or the downward pressure of a body under the 
influence of gravity. Weight is the measure of the quantity of 
matter a body contains. Three scales of weight are used inthe U.S.: 

1. Troy (for weighing gold 
silver, etc.). 

2. Apothecaries (used by 
druggists in compounding 
medicines). 

3. Avoirdupoise (for all 
ordinary purposes). 


Fic. 1,251.—Fairbanks platform scale with incline brackets especially adapted to weighing 
wheelbarrow loads or for general use. The brackets cast on the ends or the frame form rests 
for incline planks so that the wheelbarrow loads may be easily run on and off the scale. 


Fic. 1,252.—Fairbanks wagon scale especially adapted for weighing wagon loads. 
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TABLE 
Avoirdupois weight 


16 drachms (dr.) or 437.5 grains (gr.) make 1 ounce (0z.) 
make 1 pound (Ib.) 


16 ounces 
100 pounds make 1 hundred weight(cwt.) 
2,000 pounds make 1 short ton 
2,240 pounds make 1 long ton 


Unit equivalents 


Oz dr. 
Ib. 1 16 
cwt. 1 


bee 1 = 100 = 1,600 25,600 
1 = 20 = = 32,000 = 512,000 


Scale—ascending, 16, 16, 100, 20; descending, 20, 100, 16, 16. 


Long ton Table 


28 \bs. make 1 quarter (qr.) 
4 quarters make | hundred weight (cwt.) 
20 hundred weight make 1 ton (T.) 
gr. Ibs. 
cwt. 1= 2 
DP = 1T.= 4 = 112 
1 = 20 = 80= 2,240 


Scale—ascending, 28, 4, 20; descending, 20, 4, 28. 


Time Measure.—By definition time is a measure of duration. 
The unit is ordinarily the day. The civil day begins at mid- 
night and the astronomical day (used by astronomers in dating 
events) at noon. The civil year is composed of civil days. 


NOTE.—Formerly, 112 pounds, or 4 quarters of 28 pounds each, were reckoned a hundred- 
weight, and 2240 pounds a ton, now called the long ton. This is now seldom employed in this 
country, except at the mines for coal, or at the United States Custom-houses for goods imported 


from Great Britain, in which country such weight continues to be used. 
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Measures of Weight.—By definition, weight is the measure 
of the force with which bodies tend toward the earth's center; the 
downward pressure due to gravity minus the centrifugal force due 
to the earth’s rotation. Weight differs from gravity in being the 
effect of gravity or the downward pressure of a body under the 
influence of gravity. Weight is the measure of the quantity of 
matter a body contains. Three scales of weight are used inthe U.S.: 

1. Troy (for weighing gold 
silver, etc.). 

2. Apothecaries (used by 
druggists in compounding 
medicines). 

3. Avoirdupoise (for all 
ordinary purposes). 


Fic. 1,251.—Fairbanks platform scale with incline brackets especially adapted to weighing 
wheelbarrow loads or for general use. The brackets cast on the ends or the frame form rests 
for incline planks so that the wheelbarrow loads may be easily run on and off the scale. 


Fic. 1,252.—Fairbanks wagon scale especi 


ally adapted for weighing wagon loads. 
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TABLE 
Avoirdupois weight 
16 drachms (dr.) or 437.5 grains (gr.) make 1 ounce (oz.) 


16 ounces make 1 pound (Ib.) 
make | hundred weight(cwt.) 


100 pounds 
2,000 pounds make 1 short ton 
2,240 pounds make | long ton 
Unit equivalents 

Oz. dr. 

Ib. Ba IG 

cwt. 1 1G. =a 256 

1 1 100 = 1,600 = 25,600 


1 = 20 = 2,000 = 32,000 = 512,000 
Scale—ascending, 16, 16, 100, 20; descending, 20, 100, 16, 16. 


Long ton Table 


28 \bs. make 1 quarter (qr.) 
4 quarters make 1 hundred weight (cwt.) 
20 hundred weight make 1 ton (T.) 
gr. lbs. 
cwt. ] = 28 
Ah, So4 i 3 hp 
eG) 0) SN) 


Scale—ascending, 28, 4, 20; descending, 20, 4, 28. 


Time Measure.—By definition time is a measure of duration. 
The unit is ordinarily the day. The civil day begins at mid- 
night and the astronomical day (used by astronomers in dating 
events) at noon. The civil year is composed of civil days. 


NOTE.—Formerly, 112 pounds, or 4 quarters of 28 pounds each, were reckoned a hundred- 
weight, and 2240 pounds a ton, now called the long ton. This is now seldom employed in this 
country, except at the mines for coal, or at the United States Custom-houses for goods imported 


from Great Britain, in which country such weight continues to be used. 
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TABLE 
Time 
60 seconds (sec.”) make 1 minute (min.’) 
60 minutes make 1 hour (hr.) 
24 hours make 1 day (da.) 
' 365 days make 1 common year (yr.) 
366 days make 1 leap year 
12 calendar months make 1 year 
100 years make 1 century (C.} 
Unit equivalents 
hr. 1 = 60 
da. 1 = 60 = 3,600 
wk. 1 = 24 = 1,440 = = 86,400 
1= 7 = 168 = 10,080 = 604,800 


yr. mo. 365 = 8,760 = 525,600 = 31,536,000 
1 = 12 = § 366 = 8,784 = 527,040 = 31,622,400 


Scale—ascending, 60. ‘60, 24, 7: descending, 7, 24. 60. 60. 


GREAT. 


aa 
mo 


— 4 


&1Gs. 1,253 and 1,254.—Globes illustrating circular measure. Fig. 1,253 shows a great circle, 
or circle passing through the center of the globe. In contrast with this is the small circle 
shown in fig. 1254. In circular measure each of these circles is divided into 360°. Fig. 
1,253 shows a quadrant M, made up of two radii and a 90° arc, also a sextant S, measured with 
a60° arc. Note in fig. 1,253, the angles L, and F, are the same and accordingly have the same 


number of degrees, but the length of each degree of L, is less than that of F. 
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Circular Measure.—This measure is used m astronomy, 
surveying, geography and in navigation. In principle, every 
circle great or small (see figs 1,253 and 1,254) is divisible into 
the same number of parts as degree minutes, etc., hence the 
parts of different circles although having the same names, are 
of different lengths. The value of angles is stated in terms ot 
this measure: 

TABLE 
Circular measure 
60 seconds (”) make 1 minute (’) 
60 minutes make 1 degree (°) 


30 degrees make 1 sign (S) 
360 degrees make 1 circle (C) 


Onit equivalents 
tf t 
f a 60 
S 1 = 6 «= _ 3,600 
Cc 1 30 = 1,800 = 108,000 


8 
1 = 12 = 360 = 21,600 = 1,296,000 
Scale—ascending, 60, 60, 30, 12; descending, 12, 30, 60, 60. 


The Metric System.—This system was adopted in France in 
1795 and its use was authorized in Great Britain in 1864, and in | 
the United States in 1866. 

The important feature of the metric is that it is based upon the 
decimal scale, hence, the student should first acquire a knowl- 
edge of decimals before taking up the metric system. 

The meter is the base or unit of the system and is defined 
the one ten-millionth part of the distances on the earth’s surface 
from the equator to either pole. Its value in inches should be 
remembered. 


1 meter = 39.37079 ins. 
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It must be apparent that the meter is used like the yard in 
measuring cloths and short distances. 

Units of other denominations are named by prefixing to the 
word meter the Latin numerals for the lower denominations and 
Greek numerals for the higher denominations. 


Lower denomination Higher denomination 
Deci = Vio Decka = 10 
Centi = */100 Hecto = 100 
Milli = 1, 1000 Kilo = 1,000 


Myria = 10,000 


Thus one decimeter = ¥/10 of a meter; 1 millimeter = one-thousandth of 
of a meter and one kilometer = one-thousand meters. From this the linear 
table which follows is easily understood. 


Metric Table of Linear Measure 


Metric Denomination Meter U. S. value 
1 millimeter = 0b = 20394 in. 

10 millimeters = 1 centimeter = = 23937 in. 
10 centimeters = 1 decimeter = edie S.937an. 
10 decimeters = 1 meter = 1, = 39.3707 ins. 
10 meters = 1 dekameter = 10. = 32.809 ft. 
10 dekameters = 1 hectometer = 100. = 328.09 ft. 
10 hectometers = 1 kilometer = 1,000. = .62138 mi. 
10 kilometers = 1 myriameter = 10,000. = 6.2138 mi. 


The kilometer is commonly used for measuring long distances. 
The square meter is the unit for measuring ordinary surfaces; — 
as flooring, ceilings, etc. 


Metric Table of Square Measure 


100 sq. millimeters (sq. mm.) = 1 sq. centimeter = ,.155+ sq. in. 
100 sq. centimeters (sq.cm.) = 1 sq. decimeter = 15.5 + sq. in. 
100 sq. decimeters (sq. dm.) = 1 sq. meter (sq.m.) = 1.196+ sq. yd. 


The acre is the unit of land measure, and is a square whose 
side is 10 meters, equal to a square dekameter, or 119.6 sq. yds. 
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Metric Table of Land Measure 


l centiare (ca.) = (1sq. meter) = 1.196034 sq. yd. 

100 centiares (ca.) = 1 are = 119.6034 sq. yd. 
100 ares (A.) = 1 hectare = 2.47114 acres 

100 hectares (ha.) = 1 sq. kilometer = 3861 sq. mi. 


The cubic meter is the unit for measuring ordinary solids; as 
excavations, embankments, etc. 


Metric Table of Cubic Measure 


1,000 cu. millimeters (cu. mm.) 
1,000 cu. centimeters (cu. cm.) 
_ 1,000 cu. decimeters (cu. dm.) 


lcu. centimeter = .061+ cu. in. 
1 cu. decimeter = 61.026+ cu. in. 
1 cu. meter = 35.316-+ cu. ft. 


The stere is the unit of wood or solid measure, and is equal to 
acubic meter or .2759 cord. 


Metric Table of Wood Measure 


1 decistere = 3.531+ cu. ft. 
10 decisteres (dst.) = 1 stere = 35.316-+- cu. ft. 
10 steres (st.) = 1 dekastere (dst.) = 13.079+- cu. yd. 


The liter is the unit of capacity, both of liquid and of dry 
measures, and is a vessel whose volume is equal to a cube whose 
edge is one-tenth of a meter, equal to 1.05673 qt. liquid meas- 
ure, and .9081 qt. dry measure. 


Metric Table of Capacity 


10 milliliters (ml.) = 1 centiliter 

10 centiliters (cl.) 1 deciliter 

10 deciliters (dl.) 1 liter 

10 liters (1.) 1 dekaliter 

10 dekaliters (dl.) 1 hectoliter 

10 hectoliters (hl.) = 1 kiloliter, or stere 
10 kiloliters (k1.) 1 myrialiter (ml.) 


|| 


The hectoliter is the unit in measuring liquids. grain, fruit, and roots in 
large quantities. 
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283.72+ bu. =2641.7+ gal. 
28.372+ bu. = 264.17 gal. 
2.8372+ bu. = 26.417 gal. 


10 cubic meters 
1 cubic meter 
1/:9 cubic meter 


1 myrialiter 
1 kiloliter 
1 hectoliter 


1 decaliter = 10 cu. dm. = 9.08 quarts = 2.6417 gal 

1 liter = 1lcu.dm. = .908 quart = 1.0567 qt 

1 deciliter = 1/19 cu. dm. = 6.1022 cu.in. = .845 gil. 

1 centiliter = 10 cu. cm. = .6102cu.in. = .338 fluid oz. 
1 milliliter = lcu.cm. = ,061cu.in. = .27 fluid dr- 


The gram is the unit of weight, and equal to the weight of a 
cube of distilled water, the edge of which i is one hundred of a 
meter, equal to 15.432 Troy grains. 


Metric Table of Weight Measure 


10 milligrams (mg.) = 1 centigram = .15432+4 gr. troy 
10 centigrams (cg.) = 1ldecigram = 1.54324-+ gr. trey 
10 decigrams (dg.) = 1 gram = 15.43248+ gr. troy 
10 grams (g-) = 1ldekagram = .35273-+ oz. avoir. 
10 dekagrams (Dg.) = 1 hectogram = 3.52739-+ oz. avoir. 
10 hectograms (hg.) = 1 kilogram or 

2.20462-+- Ib. avoir. 


a. 
meh 
| 


10 kilograrns (kg.) =1 myriagram 
10 myriagrams (Mg.) 
or 100 kilograms = 1 quintal 
10 quintais or = ] tonneau, or 
4,000 kilos 1 ton = 2204.62125-+ lb. avoir. 


Symbol yas- : 


Ratio.—By definition, ratio ts the relation of one number to 
another, as ob ained by dividing the first number by the second. 
Thus the ratio of 2 to 4 is expressed as 2 : 4, the symbol : being 
read “‘to” in the case of a ratio and “‘so is” in case of a propor- 
tion—it is equivalent to “divided by,” hence: ; 


2:4=2=% 


22.04621+ Ib. avoir. 


tl 


220.46212+ lb. avoir. 
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The first term of a ratio is the antecedent and the second term 
the consequent thus: 
antecedent consequent 


2 : 4 


Since a ratio is virtually a fraction it follows that zf both 
terms be mulliplied or divided by the same number the value of 
the ratio ts not altered. Thus: 


2:4=2X2:4xX%2=2+2:4+2 


Rule.— Two quantities of different kinds cannot form the terms 
of a ratio. 

Thus no ratio can exist between $5 and 1 day, but can exist 
between $5 and $2, or between 1 day and 10 days. 


Symbols ae : 2 . eae 


Proportion.—When two ratios are equal, the four terms form 
a proportion. A proportion is therefore expressed by putting 
the sign = or : : between two ratios, thus: 


(expressed) 4:8::2:4 


(read) as 4 is to 8 so is 2 to 4 


the same thing is also expressed, thus: 


“4/, =P 2), 


The first and last terms of a proportion are called the extremes 
and the middle terms the means, thus: 


extremes means extremes 
4:8 ee ni a 
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Rule.—The product of the extremes equals the product of the 
means. 


Thus in the proportion 
A: 8 == 204 
4x4=8x2 
Since the equation is not altered by dividing both sides by 
the same number, the value of any term can be obtained thus: 
4x4 .8xXx2 


4 4 
or4:=2xX%2=4 


‘‘Rule of Three.”—When three terms of a proportion are 
given, the method of finding the fourth term is called the 
“rule of three.” 


Example.—If five bundles of shingles cost $16, what will 25 bundles cost? 


Let X, represent the unknown term in the proportion, and, remembering 
that each ratio must be made up of quantities of like kind—that is, put 
dollars on one side of the equal sign and bundles on the other, thus: 


5 bundles : 25 bundles = 16 ($) : X (§) 
Multiplying extremes by means 
Ne PG ict ay Se aKS 


25 16" 
5 


Symbol mE G% 


Percentage.—By definition, percentage means rate per 


ae = $80 
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hundred, or, proportion in a hundred parts. Thus, 3/100 of a 
number is called one per cent, 2/100, 2 per cent. The symbol 
% is used for per cent, thus 1%, 2%. 


Note carefully the following with respect to the symbol % 
5% means 5/199 which when reduced to a decimal (as is necessary 
in making a calculation) becomes .05, but .05% has a quite 
different value, thus 


.05% means 5/19. which when reduced to a decimal becomes 
.0005, that is, 5/100 of 1%. 


Rule.—Jf the decimal have more than two places, the figures 
that follow the hundredths place signify parts of 1%. 


Example.—lf the list price of Perfection shingles be $16 per 1,000, what 
is the net cost with 5% discount for cash? 


A Reduce rate % to decimal . 
5% = */i00 = .05 


e Multiply decimal by list price 
16 X .05 = .80c 


GC Subtract product obtained in B, from list price 
$16 -——. 80c = $15.20 


Symbol #a& Exponent | 


Powers of Numbers (Involution).—The word involution 
means the multiplication of a quantity by itself any number of 
times, and a power as here applied is the product arising from 
this multiplication. 

Involution then is the process of raising a number to a given 
power. The “square” of a number is its second power; the 
“cube,” its third power. Thus: 
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Arte A 

ZiELE G2 EPS 

The power to which a number is raised is indicated by a 
_ small “superior” figure called an ‘‘exponent.” Thus: 


square of 2 
cube of 2 


ROOT EXPONENT ROOT TAKEN TWO TIMES POWER 


from which it is seen that the exponent indicates the number of 
times the number or “‘root’’ has been taken. 


AREA OF SQUARE EQUAL 


2@x2=4 SQ.FT, 


fic. 1.255.—Two foot square illustrating the Square of a number. 
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= teas 


Symbol ja- y * 


Reots of Numbers (Evolution).—The word evolution means 
the operation of extracting a root. The root here is a factor re- 
peated to produce a power. Thus in the equation 2 x 2 X 2 := 
8, 2 is the root from which the power (8) is produced. This 
number is indicated by the symbol +/ called the radical sign, 


VOLUME OF CUBE 


3 


=2x2x2=8 fy: 


Fic. 1,256.—Two foot cube illustrating the cube of-a number. 


which placed over a number means that the root of the number 
is to be extracted. Thus: 


V4 means that the square root of 4 is to be extracted 


The index of the root is a small figure placed over the radical 
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sign which denotes what root is to be taken. Thus V9 indicates 


the cube root of 9; 16, the fourth root of 16. When there is 
no index the radical sign alone always means the square root. 


Sometimes the number under the radical sign is to be raised 
to a power before extracting the root, thus: 


V4 = VAXAX4 = VOL =4 


The power and the root are often combined and expressed as 
a fractional exponent, thus 8% which is read the cube root of 
8 squared, that is: 


8% — V8 = VW64 = 4 
Example.—Extract the square root of 186,624. 
1866/24)432 
16 
83)266— 
249 
862) 1724 


From right to left point otf the given number into periods of two places 
each. Begin with the last period pointed off (18). Largest square in 18 is 
4; put this down in the quotient and the square (16) under the 18. Write 
down remainder (2) and bring down next period (66). Multiply 4 Gn quo- 
tient) by 2 for first number of next divisor and say 8 goes into 26, three 
times. 


Place 3 after 4 in quotient and also after 8 inthe divisor. Multiply the 
83 by 3, placing product 249 under 266 and subtract obtaining remainder 17. 
Bring down last period 24 and proceed as before, obtaining 432 as the square 
root of 186,624. 


Extracting the cube root is a more complicated though sim- 
ilar process, as indicated by the rule following. 


Ruie.—(Cube root). 1. Separate the number into groups of 
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three figures each, beginning at the units. 2. Find the greatest 
cube in the left hand group and write its root for the first:figure of 
the required root. 3. Cube this root, subtract the result from the 
left hand group, and to the remainder annex the next group for a 
dividend. 4. For a partial divisor, take three times the square 
of the root already found, considered as tens, and divide the 
dividend by it. The quotient (or the quotient diminished) will be 
the second figure of the foot. 5. To this partial divisor add three 
times the product of the first figure of the root considered as tens by 
the second figure, and also the square of the second figure. This 
sum will be the complete divisor. 6. Multiply the complete 
divisor by the second figure of the root, subtract the product from the 
dividend, and to the remainder annex the next group for a new 
dividend. 7. Proceed in this manner until all the groups have 
been annexed. The result will be the cube root required. 


2. GEOMETRY 


By definition, geometry is that branch of pure mathematics 
that treats of space and its relations. 


In other words, it is the science of the mutual relations of points, lines, 
* angles, surfaces and solids, considered as having no properties except those 
arising from extension and difference of situation. 


Lines.—There are two kinds of lines: straight and curved. A 
straight line is the shortest distance between two points. A curved 
line is one which changes its direction at every point. Two lines 
are said to be parallel when they have the same direction. A 
horizontal line is one parallel to the horizon or surface of the 
water. A line is perpendicular with another line when tt inclines 
no more to one side than the other. 
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Angles.—An angle is the difference in direction of two lines 
proceeding from the same potnt called the vertex. 


Angles are said to be, right, when formed by two perpendicular lines; 
SHORTEST DISTANCE BETWEEN M ano S S 
ee) 


A 


HANGES AT Every ae 
CURVED LINE 


B 


M 


ection Cc 


oie IN T 


PARALLEL LINES 


C 
D 


PERPENDICULAR LINES 


bt 1 | 


Fics. 1,257 to 1,260.—Various lines. A, straight; B, curved; C, parallel; D,: perpendicular. 


acute, when less than a right angle, and obtuse, when greater than a right. 
All angles except right (or 90°) angles are called oblique angles. 


Angles are usually measured in degrees (circular measure). 
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PLAIN SURFACE 


€VERY POINT ON 
(SNE LIES IN THE 
SURFACE 
UMACGAA os : LZ>> 


Fic. 1,261.—Proper conception of a “plane” or plane surface. A surface such that cvery point 
on a straight line joining any two points tn the surface, lies in the surface. 


RIGHT | ANGLES 


COMPLEMENT 


| 
| OF ANGLE @ 


SUPPLEMENT 


Fics. 1,262 to 1,265.—Various angles A, right, B, acute; C, obtuse; D, complement and sup- 
plement of an angle. 
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s EQUILATERAL 
. ISOSCELES 


UNEQUAL SIDES TWO SIDES EQUAL EQUAL SIDES 


RIGHT ANGLE 
290° 


Figs. 1,268 to 1,272.—Various triangles. A triangle is a polygon having three sides and three 
angles. By altering the angles and sides a great variety of triangles may be obtained. 


RHOMBOID 


Fics. 1,273 to 1,276.—Various duadrilaterals 1. Ali sides parallel. 
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the sides is called the perimeter. A regular polygon has all its sides and 
angles equal. Plane figures of three sides are known as triangles; of four 
sides, quadrilaterals, etc. Various plane figures are formed of curved 
sides as circles, ellipses, etc. 


TRAPEZOID 


RIGHT TRAPEZIUM 


ISOSCELES 
TRAPEZOID 


Fics. 1,277 to 1,280.—Various equilaterals 11. Trapezoids and trapeziums. A quadrilateral is 
called a trapezoid if two and only two sides be parallel; a trapezium if no two sides be paral- 
lel; an fsosceles trapezoid, if the legs be equal; a right trapezoid, if one leg be perpendicular 
to the bases. 


Solids.—These have three dimensions: length, breadth, and 
thickness. The bounding planes are called the faces and their 
intersections edges. A prism is a solid whose ends are equal and 
parallel polygons and its sides, parallelograms. The allitude of 
a prism is the perpendicular distance. its opposite sides or 
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Geometrical Problems.—The following problems illustrating 
how various geometrical figures are constructed are to be 
solved by the use of pencil, dividers, compass, and scale. 


Fic. 1,289.—Quadrilateral illustrating legs, bases, etc. ‘The parallel sides are the bases; the 
distance between the bases, the altitude, a line joining two opposite vertices, a diagonal. 


: 


fh Dy ka 
cue "PIPEDON | PIPEBOW Te 


Fics. 1,290 to 1,292.—Various prisms |. A, cube, or equilateral parallelopipedon; B, parallel 
opipedon; C, oblique parallelopipedon. 


Many of these problems are such as are encountered in car- 
pentry in laying out work, and according'y proficiency in the 
solution of stich problems will be of value to carpenters-or. other 
wood workers. 
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of a circle. 


In fig. 1,296, from the ends A, B, as centers, describe arcs cutting each 
other at C, and D, and draw CD, which cuts the line at E, or the arc at F. 


Problem 2.—To draw a perpendicular to a straight line, or a radial lie 
to an arc. 


In fig. 1,296, the line CD, is perpendicular to AB, moreover, the te CD. 
is radial to the arc AB. 


PEN TAGONAL TRIANGULAR 
PRISM PRISM CYLINDER 
Fics., 1,293 to 1,295. —Various solids 11. A, pentagonal prism; B, triangular prism; @y 
cylinder. 


é 
Bi 
Fic. 1,296.—Problem 1 To bisect a straight line or arc of a circle. 


Fic. 1,297.—Problem 3. To erect a perpendicular to a straight line, from a geven point in that line- 
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Problem 3.—To erec: a perpendicular to a straight line, from a given point 
tn that line. : 


In fig. 1,297 with any radius from any given point A, in the line BC, 
describe arcs cutting the line at Band C. Next, with a longer radius de- 
scribe arcs with B, and C, as centers, intersecting at D, and draw the 
perpendicular DA. 


Second method.—lIn fig. 1,298, fromm any center F, above BC, describe a 
circle passing through the given point A, and cutting the given line at D; 
draw DF, and produce it to cut the circle at E; and draw the perpendicular 
AE. 


Third method (boat builders’ laying down meihod).—In fig. 1,929 let MS 
be the given line and A, the given point. From A, measure off a distance 


fic. 1,298.—Problem ? Second method. 
yc. 1,299.—Problem 3. Third method thoat builder’s laying down method). 


AB, say 4 ft. With centers A, and B, and radii of 3 and 5 ft. respectively, 
describe arcs L, and F, intersecting at C. Draw a line through A and C, 
which will be the perpendicular required. 


Fourth method.—In fig. 1,300, from A, describe an arc EC, and from E, 
with the same radius, the arc AC, cutting the other at C; through C, draw 
a line ECD. and set off CD, equal to CE, and through D, draw the perpen- 
dicular AD- 
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Problem 4.—To erect a perpendicular to a straight line from any potnt 
without the line. 


In fig. 1,301, from the point A, with a sufficient radius cut the given line 
_at F, and G; and from these points describe arcs cutting at E. Draw the 
perpendicular AE. 


Second method.—In fig. 1,302, from any two points BC, at some distance 
apart, in the given line, and with the radii BA, CA, respectively, describe 
arcs cutting at Aand D. Draw the perpendicular AD. 


Fic. 1,300.—Problem 3. Fourth method. 


t 
Fic. 1,301.—Problem 4. To erect a perpendicular to a straight line from any point without the — 
line. If there be no room Below the line, the intersection may be taken above the line, that 
is to say, between the line and the given point. 


> be. 
\ 
\ 


toe 


Fic. 1,302.—Problem 4,—Second method. 
Fic. 1.303.—Problem 5.—Through a given point to draw a line barallel to a given lene. 
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Problem 5.—Through a given point to draw a line parallel to a given line. 
In fig. 1,303, with C, as center describe an arc tangent to the.given line 
AB; the radius will then equal distance from given point to the given line. 
Take a point B, on line remote from C, and describe an arc. Draw a line 
through C, tangent to this arc and it will be parallel to the given line AB. 
Second method.—In fig. 1,304, from A, the given point, describe the arc 
FD, cutting the given line at F; from F, with the same radius, describe 
the arc E, A, and set off FD, equal to EA. Draw the parallel through the 


points AD. ; 
Problem 6.—To divide a line into a number of equal parts. 
'D 


> 
J 
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®c. 1,304.—Problem 5. Second method. 


A 1 a 


To divide a line into a number of equal parts. 


®ic. 1,305.—Probleim 6, 
In fig. 1,305, assuming line AB, is to be divided into say 5 parts, draw a 


diagonal line AC, of five units’ length. Join BC, and through the points 
1, 2, 3, 4, draw lines 1/, 2a, etc., parallel to BC, then will AC, be divided 


into five equal parts, AJ, la, ar, rf, and fB. 
Problem 7.—Upon a straight line to draw an angle equal to a given angle. 
In figs. 1,306 and 1,307, let A,-be the given angle and FG, the line. 

With any radius from the points A, and F, describe arcs DE, IH, cutting 


the sides of the angle A, and the line FG. 
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Set off the arc IH, equal to DE, and draw FH. The angle F, is equal ta 
A, as required. 


Problem 8.—To bisect an angle. 


In fig. 1,308, let ACB, be the angle; with center C, describe an arc cut- 
ting the sides at Aand B. On A, and B, as centers describe arcs cutting 
at D. A line through C and D will divide the angle into two equal parts. 


Problem 9.—To find the center of a circle. 


In fig. 1,309 draw any chordas MS. WithM, and S, as centers and any 
radius, describe arcs L, F, and L’, F’, and a line through their intersection, 
giving a diameter AB. Applying same construction with centers A, and B, 


A F 


Fics. 1,306 and 1,307.—Problem7. Upon a straight line to draw an angle equal to a given angle 


Fic. 1,308.—Problem 8. To bisect an angie. 


Fic. 1,309.—Problem 9. To find the center of acircle. 
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describe arcs /f, and /’f’. A line drawn through the intersections of these 
arcs will cut AB, at O, the center of the circle. 


Problem 10.—Through two given points to describe an arc of a circle with 
@ given radius. 


Fic. 1,310.—Problem 10. Through two given points to describe an arc of a circle with a givem 
radius. 


Fic. 1,311.—Problem 10. Second method. 


A E 


ic. 1,312—Problem 11. To describe a circle passing through three given points. 


In fig. 1,310, take the given points A, and B, as centers, and, with the 
given radius, describe arcs cutting at C; and from C, with the same radius, 
describe an arc AB, as required. 


Second method.—In fig. 1,311, for a circle or an arc, select three points 
ABC, in the circumference, well apart; with the same radius; describe arcs 
from these three points cutting each other, and draw two lines DE, FG, 
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through their intersections. The point where they cut is the center of the 
circle or arc, 

Problem 11.—To describe a circle passing through three given points. 

In fig. 1,311, let A,B,C, be the given points and proceed as in last problem 


to find the center O, from which the circle may be described. This problem 
is useful in such work as laying out object of large diameter as an arch, 


when the span and rise are given. 


Fic. 1,313.—Problem 12. To draw a tangent to acircle from a given boint in the circumference 
of the circle. Problem 13, To draw tangents to acircle from points without, 


Problem 12.—To draw a tangent to a circle from a given point in the cire 
. cumference, 
In fig. 1,312, from A, set off equal segments AB, AD, join BD, and araw 
AE, parallel to it, for the tangent. ; ; 
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Problem 13.—To draw tangents to a circle from points without. 


In fig. 1,313, from A, and with the radius AC, describe an arc BCD, and 
from C, with a radius equal to the diameter of the circle, cut the arcat BD; 
join BC, CD, cutting the circle at EF, and draw AE, AF, the tangents. 

Problem 14.—Beiween iwo inclined lines to describe @ series of circles tan- 
gent to these lines and tangent to each other. 


= WRN ae © A 


Fic. 1,314.—Problem 14, To describe tangent circles tangent to two inclined lines. C | 
“C6 _-- 
We] \. 


Fic. 1,315.—Problem 15. To construct an equilateral triangle on a given base. 


In fig. 1.314, bisect the inclination of the given lines AB, CD, by the ling 
NO. From a point P, in this line draw the perpendicular PB, to the line 
AB, and on P, describe the circle BD, touching the lines and cutting the 

- centerlineat E. From E, draw EF, perpendicular to the center line, cutting 
AB, at F, and from F, describe an arc EG, cutting AB, atG. Draw GH, 
parallel to BP, giving H, the center of the next circle, to be described with 
the radius HE, and so on for the next circle IN. ‘ 
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Problem 15.—To construct an equilateral triangle on a given base. 


In fig. 1,315, with A, and B, as centers and radius equal to AB, describe 
arcs Zand f. At their intersection C, draw lines CA, and CB, sides of the 
required triangle. If the sides be unequal, the process is the same, taking 
for radii the lengths of the two sides to be drawn. , 


Problem 16.—To construct a square on a given base. 


In figs. 1,316, with end points A, and B, of base as centers and radius | 
equal to AB, describe arcs cutting at C; on C, describe arcs cutting the 
others at DE; and on D, and E, cut these at FG. Draw AFRG, and join 
the intersections HI. 
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Fic. 1,316.—Problem 16. To construct a square on a given base. 


Problem 17.—To construct a rectangle on a given base. 


In fig. 1,316, let AB, be given base. [rect perpendicular at A and B, 
equal to altitude of the rectangle, and join their end DandC, by line DC, . 
ABCD, is the rectangle required. 


Problem 18.—To construct a parallelogram having given the sides and an 
angle. : 


In figs. 1,317 to 1,320, let A and B, be the given sides and HGI, the 
given angle. Draw DE, equal to A, and at D, an oblique line making 
with ED, the given angle HGI. On the oblique line lay off DF, equal to 
the given line B. With F, as center and radius equal to A, describe an 
arc m, and with E, as center and radius equal to B, describe another arc 
s, intersecting m at C. Draw FC and EC, completing the parallelogram. 
Another method. From the points E and F, draw lines parallel respec- 
tively to DF and ED, intersecting at C, completing the parallelogram. 
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Problem 19.—To describe a circle about @ triangle. 


In fig. 1,321, bisect two sides AB, AC, of the triangle at E and F, and 
from these points draw perpendicularsintersecting at K. From the center 
K, with the radius KA, describe the circle ABC. 


Problem 29. Tocircumscribe and tinscribe.a circle about a square. 


In fig. 1,323, draw the diagonals AB, and CD, intersecting at E. With 
radius EA, circumscribe the circle. To inscribe a circle let fall from the 
center (as just found) a perpendicular to one side of the square as OM, in 
fig. 1,323. With radius OM. inscribe the circle. 


MGs, 1,317 to 1,320.—Problem18. Toconsiruct a parallelogram having given the sides and an angle. 


| *Fyc. 1,321.—Problem 19. To describe a circle about a triangle. 


A 
CIRCUMSCRIBED 
C CIRCLE 


INSCRIBED 
CIRCLE 


"cs. 1,322 and 1,323.—Problem 20. To circumscribe (fig. 1,322) and inscribe (fig. 1,323) 
@ circle about a square. 
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Problem 21.—To circumscribe a square about a circle. 


In fig. 1,324, draw diameters MS and LF, at right angles to each other. 
At the points M, L, S, F, where these diameters cut the circle, draw tangents 
that is, lines perpendicular to the diameter, thus obtaining the sides of the 
circumscribed square ABCD. 


Problem 22.—To inscribe a circle in a triangle. 
Fic. 1 324.—Problem 21.—To circumscribe a square about a circle. 


In fig. 1,325, bisect two of the angles AC, of the triangle by lines cutting 


at D; from ID, draw a perpendicular DE, to any side, and with DE, as 
radius describe a circle. : 


Problem 23.—To inscribe a pentagon in a circle. 


In fig. 1,326, draw two diameters, AC, BD, at right angles intersecting 
at O; bisect AO, at E, and from E, with radius EB, cut AC, at F, and 
from B, with radius BF, cut the circumference at GH, and with the same _ 
radius step round the circle to I and K; join the points so found to form 
the pentagon. 
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Fic. 1,326.—Problem 23. To inscribe a pentagon in a circle. 
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Problem 24.—To construct a hexagon upon a given straight line. 


In fig. 1,327, from A and B, the ends of the given line describe arcs 
intersecting at g, from g; with the radius gA, describe a circle. With the 
same radius set off the arcs AG, GF and BD, DE. Join the points so found 
to form the hexagon. : 


Problem 25.—To inscribe a hexagon in a circle. 
In fig. 1,328, draw a diameter ACB; from A and B, as centers with the 


Fic. 1,327.—Problem 24. To construct a hexagon upon a given straight line. 


radius of the circle AC, cut the circumference at D,E, F, G, and draw AD, 
DE, etc., to form the hexagon. 


The points DE, etc., may be found by stepping the radius (with the 
dividers) six times round the circle. 


Problem 26.—To describe an octagon on a given straight line. 


In fig. 1,329, produce the given line AB, both ways, and draw perpendicu- 
lars AE, BF; bisect the external angles A and B, by the lines AH, BC, 
which make equal to AB. Draw CD and HG, parallel to AE and equal to 
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AB; from the center GD, with the radius AB, cut the perpendiculars at EF, 
and draw EF, to complete the hexagon. 


Problem 27.—To inscribe an octagon in a square. 
In fig. 1,330, draw the diagonals of the square intersecting at e; from the 


“E FU- 


[sa met SEES wage 8 a eee 


“G6 
Fic. 1,328.—Problem 25.—To inscribe a hexagon tn a circle. 


Fic. 1,329.—Problem 26.—To describe an octagon on a given straight line. 


B 


Fic. 1,330.—Problem 27.—To inscribe an octagon in a square. 


Fic. 1,331.—Problem 28. To inscribe an octagon tn actrele. 


rs 
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corners A,B,C,D, with Ae, as radius, describe arcs cutting the sides at 
g, h, etc.; and join the points so found to complete the octagon. 


Problem 28.—To inscribe an octagon in a circle. 


In fig. 1,331, draw two diameters AC, BD, at right angles; bisect the 
arcs AB, BC and C, ate, f, etc., to form the octagon. 


Problem 29.—To circumscribe an octagon about a circle. 


In fig. 1,332, describe a square about the given circle AB, draw perpen. 
diculars h, k and C to the diagonals, touching the circle, to form the octagon, 
The points h, k, etc., may be found by cutting the sides from the corners. 


Problem 30.—To describe an ellipse when the two axes are given. 


Fic. 1,332.—Problem 29. Toctrcumscribe an octagon about a circle. 
Fic. 1,333.—Problem 30. To describe an ellipse when the two axes are given. 


In fig. 1,333, draw the major and minor axes AB and CD, at right angles, 
intersecting at E. On the center C, with AE, as radius, cut the axis AB, at 
F and G, the foci; insert pins through the axis at F and G, and loop a 
thread or cord upon them equal in length to the axis AB, so that when 
stretched it reaches the extremity C, of the conjugate axis, as shown in 
dotted lines. Place a pencil inside the cord, asat H, and guiding the 
pencil in this way, keeping the cord equally in tension, carry the pencil 
round the pins FG, and so describe the ellipse. 


Second Method.—Along the edge of a piece of paper mark fig. 1,334 off 
a distance ac, equal to AC, half the major axis, and from the same point a 
distance ab, equal to CD, half the minor axis. Place the slips so as to bring 
the point b, on the line AB, or major axis, and the point c, on the line DE, 
or minor axis. Set off the position of the pcint @. Shifting the slip, so that 
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the point 6, travels on the major axis, and the point c, on the minor axis, 
any number of points in the curve may be found, through which the curve 
may be traced. 


Mensuration.—Briefly, by definition, mensuration is the 
act, ari, or process of measuring. 

It is that branch of mathematics that has to do ate finding 
the length of lines, the area of surfaces, and the volume of solids. 


Fic. 1,334.—Problem 30. Second method. 


Accordingly the problems which follow will be divided into three 
groups, as: 
i ae Measurement of lines. 


a, One dimension—length 
2. Measurement of surfaces (areas). ‘ 
ga. Two dimensions—length and breadth 


é 


; 
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3. Measurement of solids (volumes). 
a. Three dimensions—length, breadih, and thickness 
1. Measurement of Lines 
(length) 


Problem 1 cere find the length of any side of a right triangle, 
the other two sides being given. 


Rule.—Length of hypothenuse equals square root of the sum of 
B 7, =| 


A CA C 


Figs. 1,335 and 1,336.—Problem 3. To find the length of any side of aright triangle. 


the squares of the two legs ; length of either leg equals square root of 


the difference of the square of the hypothenuse and the square of the 
other leg. 


Example.—The two legs of a right triangle measure 3 and 4 ft.; find 
length of hypothenuse. If the length of hypothenuse and one leg be 5 and 
4 ft. respectively, what is the length of the other leg. 

In fig. 1,335 


AB = V34-@= V25=5 
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In fig. 1336 BC = yv#—3? = y25—9 = yl6=4 
. Problem 2.—To find length of circumference of a circle. 


Rule.—Muliiply ihe diameter by 3.1416. 


Example.—What length of moulding strip is required for a circular 
window 5 ft. in diameter? . 
5 * 8.1416 = 15,7 ‘ft. 
As the carpenter does not ordinarily measure feet in tenths, the .7 should 
be reduced to inches; it corresponds to 8% ins. from the table below. That 
is the length of moulding required in 15 ft. 814 ins. 


Decimals of a Foot and Inches 


Problem 3.—To find the length of an arc of a circle. 


Rule.—As 360° is to the number of degrees of the arc so is the 


sength of the circumference to the length of the arc. 
Example.—lf the circumference of a circle be 6 feet, what is the length 
of 60° arc? 
Let X = length of the arc, solving for X, 


60x 6 360 
360 60 = 6:X ="gee" = a5 = lit. 


Problem 4.—To find the rise of an arc. 


Rule 1.—The rise of an arc is equal to the square of the chord of 
half the arc divided by the diameter. 
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Rule 2.— Length of the chord subtending an angle at the center is 
equal to twice the sine of half the angle. 
Example.—A circular porch 10 ft. in diam. has six plate forms. Find 


width of board required for these forms allowing 3 ins. margin for joints as 
in fig. 1,337. 


Each plate will subtend an angle of 360 + 6 = 60° 
_ here the “chord ofhalfthearc” (mentioned inrule 1) will subtend60'+ 2=30°. 
Applying rule 2, “‘half the angle’ = 30° + 2 = 15°. 


From table of “‘trigonometrical functions” (page 522), sine of 15° = .259, 
which with radius of 5 ft., becomes 


sin 15° (on 10-ft. circle) = 5 & .259 = 1.295 
Applying rule 2 Length of chord ML, = 2 X 1.295 = 2.59 


Fic. 1,337.—Problem 4. To find width of board required for plate form of ctvcular porch. 


Applying rule 1 rise of arc MS, = 2.59? + 10 = .671 ft. or 84 ins. (approx.) 
Add to this 3 ins. margin for joints and obtain 
width of board 8% + 3 = 11%, — use 12 in. board 


2. Measurement of Surfaces 
(areas) 
Problem 5.—To find the area of a square. 
Rule.—Multiply the base by the height, 
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Example.—What is the area of a square whose side is 5 ft. asin fig. 1,238? 
be Ort Sd ei ts 


Problem 6.—To find the area of a rectangle. 


Rule.—Muiltiply the base by the height (1. e., width by length). 


AREA 25 SQ.FT. 


te 
x= 
y 
ul 
a 


Fic. 1,338.—Problem 5. Area of square. 


Example.—Whct is the floor area of a porch 5 ft. wide and 12 ft. long, 
as in fig. 1,339? 


BEX ber 60.Sqe tC; 


Problem 7 .—To find the area of a parallelogram. 


Rule.—Multiply base by perpendicular height. 
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Example —What is the area of the 5 X 12 parallelogram shown in fig. 
1,340? 
5 >< Ze — 60 lsaqretts 


Problem 8.—To find the area of a triangle. 


AREA 60 SQ.FT. 


LENGTH 


Fic. 1,339.—Problem 6. Area of rectangle. 


AREA 60 SQ. FT. 
PERPENDICULAR 
HEIGHT 
BASE 
Fic. 1,340.—Problem 7. Area of parallelogram. 


Rule.—Muiltiply the base by half the altitude. 


Example —How many sq. ft. of sheathing are required to cover a church 
steeple having four triangular sides, as shown in fig. 1,341? 


¥ of altitude = 15 ft. 
area of one side = 12 X 15 = 180 sq. ft. 
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Total area (four sides) 4 X 180 = 720 sq. ft. 


Problem 9.—To find the area of a trapezoid. 


4a 
Rule.—Multiply one-half the sum of the two parallel sides by 
the perpendicular distance between them. 


Example —What is the area of the trapezoid shown in fig. 1,343? 


Fics. 1,341 and 1,342.—Problem 8. Area of triangle. An inspection of fig. 1,342 will show 
that area of triangle = base X 4 altitude because constructing a parallelogram ABCD, it 
is made up of two equal triangles and its area = base X altitude. Hence 14 altitude is taken 
in finding area of a triangle. 


Here LA and FR, are the parallel sides and MS, the perpendicular dis- 
tance between them. Applying rule 


area = 144 (LA + FR) X MS 
= 4 (84+ 12) X 6 = 60a. ft. 


Problem 10.—To find the area of a trapezium. 


Rule.—Draw a diagonal, dividing figure into triangles ; measure 
diagonal and altitudes and find area of the triangles. 
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Example —What is the area of the trapezium shown in fig. 1,344, fos 
the dimensions given? Draw diagonal LR, and altitudes AM, and FS. 


area triangle ALR = 12 X &/, = 36 sq. ft. 
area triangle LRF = 12 x 9/, = 54sq. ft. 


area trapezium LARF SOR. hee 2 gee Sc sit Gs 


Problem 11.—To find the area of any irregular polygon. 


AREA GO 5Q. FT. 


Fic. 1,343.—Problem 9. Area of trapezoid. 


Rule.—Draw diagonal dividing the figures into triangles and — 
find the sum of the areas of these triangles. 


Problem 12.—To find the area of any regular polygon when 
length of side only is given. 


Rule.—Multiply the square of the sides by the Sigure for “area, . 
side = 1” opposite to the polygon in the table following: 
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Table of Regular Polygons 


Number of sides 


Area when side 


A 
LR = i2FT. 
AM= OFT. 
FS= 9FT. 


c 


fic. 1,344.—Problem 10. Area of trapezium. 


Example.—What is the area of an octagon (8-sided polygon) where sides 
measure 4 ft. 
In the above table under 8, find 4.828. Multiply this by the'square of 
one side, 
4.828 X 42 = 77.25 sq. ft. 
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Problem 13.—To find the area of a circle. 
Rule.—Multiply square of diameter by .7854. 


Example—How many square feet of floor surface in a 10 ft. circular floor? 
; 102 X .7854 = 78.54 sq. ft. 
Figs. 1,345 and 1,346 show why the decimal .7854 is used in finding the 


area of a circle. 


_ Problem 14.—To find the area of a sector of a circle. 


a we ee ee ee 


Fics, 1,345 and 1,346.—Diagram illustrating why the decimal .7854 is used to fine the area 
of acircle. If the square be divided into 10,000 parts or small squares, a circle having a 
diameter D, equal to a side of the large square will contain 7,854 small squares, hence, if the 
area of the large square be 1 sq. in., then the area of the circle will be 7854 + 10,000 or 
.7854 sq. ins., that is, area of the circle = .7854 X D X D = .7854 X1 X1 = .7854 sq. ins. 


Rule.—Muliiply the arc of the sector by half the radius. 


Example.—How much tin is required to cover a 60° section of a 10-foot 
circular deck? 


length of 69° are = of 3.1416 <x 1Ql= "5-24 ft 


The reason for the above operation should be apparent without any explana. 
tion. : 
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Applying rule 4 
tin required for 60° sector = £.24 x 4 of 5 = 13.1 sq. ft. 


Problem 15.—To find the area of a segment of a circle. 


Rule.—Find the area of the sector which has the same are and 
also ihe area of the triangle formed by the radii and chord; take 
the sum of these areas tf the segment be greater than 180°, take 


the difference if less. 


Appa cierto? cnc: Saree eee 


: 
- eT ee aL 
} 


Fic. 1,347.—Problem 17. Area of cy lindey 
Fic. 1,348.—Problem 18. Area of cone. 
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Problem 16.—To find the area of a ring. 


Rule.—Take the difference between the areas of the two circles. 


. Problem 17.—To find the area of an ellipse. 


Rule.—Multiply the product cf the two diameters by .7854. 


= in 


aoe 
rr 


ti 


———s 


ae 


Vue ——— —S=S 5 = : 
) 
eee ———, Sl 
eS _——— 
== 


ll 


;—_—} i 
4 Eee . 
x ray 


Fic. 1,349.—Problem 19.—Area of 


Srustum of acone. This is the shape of the ordinary woodeg 


tank seen in windmill towers. In the figure LR = height of tank. Since the difference be. 

—_——_—— 
tween the two diameters is two feet, RF = 1 ft. Hence slant height or LF = 12 + 
= 8.06, 5 


Example.—What is the area of an ellipse where two diameters are 10 


and 6 inches? 
10 X 6 X .7854 = 47.12 sq. ins. 


Problem 18.—To find the circular area of a cylinder. 
\ 
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Rule.—Muitiply 3.1416 by the diameter and by the height. 


Example.—How many sq. ft. of lumber are required for the sides ofa 
cylindrical tank 8 ft. in diameter and 12 ft. high; how many pieces 4” X 12” 
will be required? 


cylindrical surface 3.1416 & 8 X 12 = 302 sq. ft. 
circumference of tank = 3.1416 X 8 = 25.1 ft. 
Number 4” X 12’ pieces 25.1 + 442 = 25.1 X 3 = 75.3, say 76. 


Problem 19.—To find the s!ant area of a cone. 


Rule.—Multiply 3.1416 by diameter of base and by one-half the 
slant height. 


Example.—A conical spire having a base 10 ft. diameter and altitude of 
20 ft. is to be covered. Find area of surface to be covered. 


In fig. 1,348, first find slant height, thus 
slant height = V5? + 202 = V425 = 20.62 ft. 
circumference of base = 3.1415 & 10 = 31.42 ft. 
area of conical surface = 31.42 14 of 20.62 = 314 sq. ft. 


Problem 20.—To find the (slant) area of the frustum of a cone. 


Rule.—Multiply half the slant height by the sum of the circum- : 
ferences. 


Example.—A tank is 12 ft. in diameter at the base, 10 ft. at the top, and 
8 ft. high. What is the area of the slant surface? 


circumference 10 ft. circle = 3.1416 * 10 = 31.42 ft. 
circumference PAE circlei=73) 14162121 = 7.7 ft. 


sum of circumferences = 69.1 ft. 
slant height = V2 + 8 = V65 = 8.06 


slant surface = sum of circumferences X }4 slant height 
= 69.1 x 14 of 8.06 = 278.5 sq. ft. 
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3. Measurement of Solids 


(volumes) 


Problem 21.—To find the volume of a rectangular solid. 


Rule.—Muliiply length, breadth and thickness together. 


Fic. 1,350.—Problem 20. Volume of rectangular wedge. 


Example.—Whiat is the volume of a timber 4” x 8" & 12’? Before _ 
applying rule first reduce all dimensions to ft. thus, 
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All 41. ft = Yy ft. 
= 2% ft. 
volume of timber = 4 X % X 12 = 2.67 cu. ft. 


If the timber be a piece of oak weighing 48 Ibs. per cu. ft. the totaf, 


weight would be 
48X 2.67 =128 Ibs. 


Problem 22.—To find the volume of a rectangular wedge. 


Rule.—Find the area of one of the triangular ends and multiply 
by distance between ends. 


Example.—A barn attic has the shape of a rectangular wedge What 
volume storage capacity would there be for'the proportions shown in fig. 
1,350? ; 


In the figure, the boundary of the attic is LARFMS. 


~ Area triangular end MLA = 20 x !°/, = 100 sq. ft. 
volume of attic = 100 X 40 = 4,000 cu. ft. 


3. TRIGONOMETRY © 


By definition trigonometry is that branch of yoathemibies 
which treats of the relations of the sides and angles of triangles and 
applies them to other figures involving or containing triangles. f 


Trigonometry is divided into two branches: 

1. Plane. 

2. Spherical. ) ; 
Plane trigonometry deals with plane triangles, and spherical trigonometry 

with spherical triangles, the difference being shown in figs. 1,351 and 1,352. 


Evidently the kind of trigonometry the carpenter is interested in is plane 
trigonometry. Spherical trigonometry is useful in navigation. 


Every triangle has six parts: 
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1. Three angles. 

2. Three sides. 

When any three of these parts are given, provided one of 
them be a side, the other parts may be determined. The de- 
termination of the unknown parts is called the solution of 
triangles. 


Measurement of Angles.—In trigonometry the arcs of circles 
are used to measure angles. The unit of measurement of angles 


PLANE SURFACE SPHERICAL A 
—q TRIANGLE ] 


SURFACE 


ZA JE | ga 
LI gp, 2 a ppt 


TRIANGLE 


fics. 1,351 and 1 ,352.—Plane and spherical triangles illustrating plane and spherical branches 
; of trigonometry. 


is’ thé degree (°). In this system of measurement, the arc of 
every circle is supposed to be divided into 360 equal parts, 
called degrees; thus, a degree is '/s69 of the circumference of any 
circle. A degree is divided into 60 parts called minutes ex- 
pressed by (’), and each minute is divided into 60 seconds, ex- } 
pressed by (’’), so that the circumference of any circle contains 
21,600 minutes or 1,296,000 seconds. 

' Evidently, then the length of a degree depends upon the diam- 
eter of the circle as shown in fig. 1,353. 


The comblement of an angle is the difference between 90° and the angle: 
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. the supplement of an angle is the difference between 180° and: the’ ‘angle; 
These terms are illustrated in figs. 1,354 and 1,355. : wae *, 


Trigonometrical Functions.—By definition, a function. ig a 
quantity in mathematics so connected with another quantity .that if 
any alteration be made in the latter there will be a consequent. altera- 
tion in the former. The dependent quantity is said to be a 


MF wa 


© Ss Fae 
Fic. 1,353.—The length of a degree depends upon the diameter of the circle .on which it is 
measured. Letthe angle AOB, be measured on the arc MS, say 30°. Describe with louger 
radius another arc LF, and draw SR, parall-l to MA then LR, is approximately equal to 
MS, and LF, are in length 29/350 of their respective circles, that is, each: contains .30‘ddzrees, 
Hence LR (appioximately equal to MS), does not contain as many degrees as MS, and it 


follows that each degree on LF, is larger than on MS. 
UPPLEMENT 


COMPLEMENT 
OF ANGLE AOB “ OF ANGLE AOB 


fe) Bhan re) 


Fics. 1,354 and 1,355.—Complement and supplement of an angle. 
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function of the other. Thus, the circumference of the circle is a 
function of the diameter. 


' These functions may consist of: 
‘1. Ratios. 
_ 2, Lines (“natural functions”). 


In the first instance they are defined by referring to a triangle made by 
drawing (asin fig. 1,356) a perpendicular from any point A, on one side of 
a given angle, MOS or 8, to the other side, as AB. 


OPPOSITE SIDE 


Ss 
ADJACENT SIDE B 


Fre, 2,356.—Angle @ and constructed triangle AOB, for expressing trigonometrical functions 
' a8 ratios. : 


It will be noted that the triangle thus formed is a right triangle, that is, 
angle ABO = 90°. In this triangle the trigonometric functions, exposed as 
ratios are as follows: 


Sine of the angle 6’ = an = opposite side_ 


O _hypothenuse 
B 


OB adjacent side 


OA — hypothenuse 


Cosine of the angle @ 


AB opposite side 


Tangent of the angle 9 can : 
2 e OB adjacent side 
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__ OB _ adjacent side 
Cotangent of the angle @ = BA anessiecie 


OA _ hypothenuse 
Secant of the angle @ = 6p adjacent side 


OA hypothenuse 
AB opposite side 


Cosecant of the angle 6 


COTANGENT 


A 

> | 
Oe eas es 
vy iy | a 
es 0) 
Sy a 
cay F 

COSINE 
Osi e7 ; B S 


Fic. 1,357.—Natural trigonometrical functions, or functions expressed as lines. 


For the sake of brevity the names of the functions are contracted, thisss 
for sine 6, write sin 6; for cosine 0, write cos 6, etc. 


The cosine, cotangent (cot.) and cosecant (cosec) of an angle are respect: 
ively the sine, tangent and secant of the complement of that angle. 
( 


In the second instance the trigonometrical functions are 
defined by certain lines whose lengths depend upon the are 
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which measures the angle. These are virtually ratios but by 
taking what corresponds to the hypothenuse OA, of the triangle 
AOB, in fig. 1,356.as a radius of unity length of acircle the de- 
nominators of the ratios are unity or 1, and disappear leaving 


Za : = 4 ee 


mlinat 
Z) 


‘ere - ANGLE 6 COMPLIMENT 
a \ a . OF ANGLE @ 


Fics. 1,358 to 1,364.—The natural trigonometrical functions each shown separately for clean. 
ness. As elsewhere stated the cos., cot, and cosec. of an angle are respectively the sine, tan, 
anu sec. of the complement of the angle. 


only the numerators—that is, a line instead of a ratio or func- | 
tion; these lines are the so called “natural Junctions,’”’ thus in — 
fig. 1,357: 
bits, anal _AB__ AB 


Sine angle 9 = ——— = = 
. radius 1 
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Cosine angle 9 = ae = OB 
radius 
MS MS 
I a5). See = 
‘angent angle 9 OS Sas 


Cotangent angle @ = tangent of complement of angle 
= FL FL 


OF . radius FL 
<< 
X\ 
: i= 
ee 
ws ra \ off 
\ [04 
aS Nae 
ex? \ 
Vv \ 
\ 
\ 
\ 
r 4 
8 | 
| COSINE | . 
KG RUN | ‘ 
Fic. 1,365.—Common rafter in position between plate and ridge illustrating cosine and tangent. 
OM OM ; 
le 8. = —— = — = OM 
Secant angle 0 OS sr O | 
Cosecant angle = secant of complement angle @ = oe = eae = OL 
BS BS 


Vi d sine anglef@= ——— = = BS 
Cee te ee, OS radius i 
It is these natural trigonometrical functions that are especially useful, 
rather than the functions expressed as ratios, because, with the aid of the 
table which follows the exact lengths of the functions for an arc-of unity 
radius can be found. SB mare ti 
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Sine 


.00000 
.01745 
.03490 
.05234 
.06976 
.08716 
-10483 
.12187 
11392 
«1564 
.1736 
.1908 
+2079 
4.2250 
.2419 
-2588 
.2756 
.2924 
+3090 
+3256 
63420" 
+3584 
+3746 
23907 
4087 
«4226 
24384 
+4540 
.4695 


Pale peSeanisclt aw cates . 
PeSONESCHNXOAoOR WH HO 


‘NOTE.—For intermediate val 


templement of the angle. 


Cosine 


1.0000 
-9998 
.9994 
-8986 
-9976 
+2962 
+9945 
9925 
«9903 
9877 
9848 
9816 
39781 
19744 
«9703 
+9659 
9613 
09563 
29511 
69455 
+9397 
+9336 
29272 
+9205 
-9135 
9063 
+8988 
8910 


«8829 | 


«8746 
-8660 
18572 
+8480 
+8387 
.8290 
.8192 
-8090 
+7986 
:7880 
7771 
.7660 
7547 
+7431 
+7314 
.7193 
-7071 


Tangent 


.00000 
01745 
.03492 
05241 
06993 
.08749 
-10510 
.12278 
-1405 
+1584 
+1763 
1944 
2126 
.2309 
2493 
2679 
+2867 
3057 
8249 
3443 
3640 
.3839 
.4040 
4245 
4452 
4663 
44877 
5095 
.5317 
5543 
5774 
.6009 
6249 
6494 
6745 
.7002 
+7265 
+7536 
.7818 
.8098 
.8391 
.8693 
+9004 
+9325 
9657 
1, 0000 


Degree 


46 
47 
48 
49 
50 
51 
52 
53 
54 
55 


Sine 

.7193 
-7314 
.7431 
.7547 
.7660 
7771 
-7880 
.7986 
-8090 
.8192 
-8290 
.8387 
.8480 
.8572 
.8660 
.8746 
-8829 
.8910 
-8988 
.9063 
49135 
-9205 
.9272 
.9336 
.9397 
9455 
.9511 
.9563 
.9613 
- 9059 
.9703 
.9744 
.9781 
+9816 
.9848 
.9877 
.9903 
.9925 
9945 
.9962 
.9976 


Cosine 


-6947 
+6820 
-6691 
+6561 
-6428 
- 6293 
+6157 
-6018 
.5878 
+5736 
+5592 
5446 
.5299 
-5150 
+9000 
.4848 
+4695 
.4540 
.4384 
~4226 
.4067 
~3907 
.3746 
, 3584 
+3420 
~3256 
.3090 
+2924 
+2756 
+2588 
+2419 
+2250 
+2079 
1908 
1736 
+1564 
-1392 
+ 12187 
+10453 
-08716 
.06976 
+05234 
:03490 
-01745 
Inf. 


— 


NATURAL TRIGONOMETRICAL FUNCTIONS 


0355 
.0724 
.1106 
1504 
1918 
2349 
2799 
.3270 
.3764 
.4281 
.4826 
.5399 
.6003 
-6643 
.7321 
-8040 
.8807 
.9626 
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2.1445 
2.2460 
2.3559 
2.4751 
2.6051 
2.7475 
2.9042 
3.0777 
3.2709 
3.4874 
3.7321 
4.0108 
4.3315 
4.7046 
5.1446 
5.6713 
6.3138 
7.1154 
8.1443 
9.5144 
11,4301 
14,3007 
19.0811 
28,6363 
57,2900 
Inf. 


— 


A 


57,299 
Inf. 


ues interpolate. For cotangent take value of tangent of 
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Problem 1.—Find length of rafter for 12 ft. run and 8 ft. rise, 
allowing for 11% in. ridge board. 
tise. giteBei 19. 8 e 
spans 2 tan yo ee 


pitch = 


Vg 


As given in table below, for 14 pitch the rafter makes an angle of 34° with 
the horizontal. 


B RISE 


RADIUS 
\2' RUN 


Fic. 1,366.—Problem 1. Method of finding rafter length by aid of natural secant. 


By comparing fig. 1,366, showing rafter with fig. 1,357, it will be seen 
that the rafter corresponds to the secant (both figures being lettered the 
same), hence look in a table of natural trigonometrical functions, giving 
values for secant, and find 1.2062 value of secant for 34°. Now since 
the run corresponds (in fig. 1,366) to the unity radius, multiply the value 
found by 12, thus 


artificial iength of rafter = 1.2062 X 12 = 14.47 ft. 
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deducting 14 of ridge board width. 
length of rafter = 14.46 — .75 = 13.71 ft. 


Pitch Table 


Pa eee SS 
Pitch 8, eon hat Vee) a dg Mee | ape ek Eig 


Fic. 1,367.—Problem 2.—Method of finding width of board fo i i porch 
block forms by aid of the versed sine. Ohi ae dis os 


/ 
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Problem 2.—What width board is required to cut 45° block 
forms for a circular deck 12 ft. in diameter allowing margin of 
3 ins. for joints. 


The width of board = “rise of arc’’ + margin for joint. In fig. 1,357 
(compare with fig. 1,367) the rise of the arc is equal to the versed sine MS, 


COMMON RAFTER 


RADIUS 14.46 FFT 


Fic. 1,368.—Problems 3 and 4. Method of finding length of hip rafter and portion of plate 
intercepted between common and hip rafters by aid of the secant and tangent respectively. 


of half the angle, or 2214°. Hence look in the table of natural trigonometri- 
cal functions and find versed sine = .0696 for 2214°; this is the rise of the 
arc if radius of the porch were 1 ft. Hence for 6 ft. radius (porch 12 ft. in 
diameter) 

rise of arc = .0696 X 6 = .4176 ft. or 5 ins. (approx.) 


'. | width of plank = 5 ins. rise + 3 ins. (for joint) = 8 ins. 
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Problem 3.—If the common rafter on a building as found in 
problem 1 be 14.46 ft artificial length, what is the artificial 
length of a 45° hip. 


Comparing fig. 1,368 with 1,357, clearly the length of the hip rafter 
corresponds to the secant of the angle the hip makes with the common 
rafter. Hence find in table, secant 45° = 1.4142. Multiply by length of 
common rafter (radius) 


artificial length of hip X 1.4142 = 14.46 = 20.45 ft. or 20’ 534” 


Problem 4.—In the roof construction shown in fig. 1,368 what 
is the length of the plate intercepted between the common and 
hip rafters? 


Comparing the figure with fig. 1,357 it will be seen that the intercepted 
plate MS, corresponds to the tangent of the angle between the common 
and hip rafters. 


Hence from table tangent 45° = 1, and from which 
length MS, of intercepted plate = 1 X 14.46 = 14.46 ft. or 14/514" 


Problem 5.—A fancy grill work consisting of radial and 
vertical pieces is to be constructed in a semi-circular opening 
having a 6 ft. radius as in fig. 1,369. Find the lengths of the 
vertical pieces as MS and LF, touching the circumference at 
30’ and 60° from the horizontal. 


Comparing fig. 1,369 with 1,357 it will be seen that the vertical pieces MS 


and LF, correspond to sine of the angle made by the intersecting radial 
piece with the horizontal. Accordingly, from table 


MS =. xX 6= 3.ft. 
6 = 5.2 ft. or 5’ 234” 


Problem 6.—In laying out the grill work fig. 1,369, how far 
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must the foot cf the pieces LF and MS, be spaced from the 
center O, to bring them into a vertical position? 

The distances OF and OS, correspond to the cosine of angles 
30° and 60° respectively. Accordingly from table 


SINE 30° 


CO0S.30° 


fic. 1,369.—Problems 5 and 6. Method of finding in a grill work construction length of 
vertical pieces and their distance from center by aid of sine znd cosine respectively of the 
angle made by intersecting radial pieces with the horizontal. 


hence distances 
OS = .866 X 6 = 5.2 ft. = 5’ 33%” 
OF 


5X 6 = 3 ft. 


tl 
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Problem 7.—A bridge is to be constructed from the top of a 
building to an opening in the roof of an adjacent building as in 
fig. 1,370. If the rise OF, to the point of entry L, be 15 ft. 


and the pitch of the roof be 144, what length beams FL, are 
required? 


— 


| 


f] 
U 
il 
ub 


i Hy 
He 
ra 


mS 
He. 


f1G. 1,370.—Problems 7 and 8. Method of finding length of bridge from side of building te 
given point on adjacent pitch roof by aid of cotangent, and of finding slant length of roof by 
aid of cosecant. 


Comparing the figure with fig. 1,357, it is seen that the bridge FL, 
corresponds to the cotangent. Now in the table on page 524, pitch 
corresponds to an angle of 34°, and from table (page 522), cotangent of 34° 
= 1.453. Hence, length of beams required, or 


FL = 1.483 X 15 = 22.25 ft. or 22’ 3° 


529 
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Problem 8.—In estimating amount of roofing material neces. 
sary to cover side of roof from O to L, in fig. 1, 370 what is the 
distance from O to L? 


Comparing with fig. 1,357, it is seen that OL, corresponds to the cosecant, 
Accordingly from table, cosec 34° = 1.788. 
Hence length slant surface or 


OL = 1.788 x 15 = 26.82 or 26’ 9%" 
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CHAPTER 27 


Surveying 


By definition, the word surveying broadly means the art and 
science of determining the area and configuration of portions of 
the surface of the earth and representing them on maps. 


Fic. 1,373.—Kolesch Y, level 18 in. telescope; magnifying power about 28 diameters; mini- ~ 
mum focus 8 ft. from instrument; bubble, 20 seconds sensitiveness. 
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There are two general divisions of the subject with respect 
to the nature of the measurements taken as: 

1. Leveling 

2. Measurement of eles (transit work) 

Leveling in surveying is the operation of ascertaining the com- 
parative levels of different points of land for the purpose of lay- 
ins out a grade or building site, etc., by sighting through a 
leveling instrument at one point to a leveling staff at another 
point as shown in fig. 1,374. 


The Level.—This instrument is employed for determining 
the difference in elevation between points. A common form 
is known as the Y level, so called because its shape resembles 
the letter Y.. 

It consists of a telescope mounted upon two supports which 
from their shape are called Y’s.. The cross bar supporting the 
telescope is attached to a vertical spindle which allows it to be 
turned in a horizontal plane. Directly beneath the telescope 
and attached parallel to it, is a spirit level by means of which 
the line of collimation* of the telescope may be rendered hori- 
zontal. 

Construction of the Y Level.—lIn construction a circular plate is 


screwed to a tripod and to this is attached a similar plate parallel to the 
first and connected with it by a ball and socket joint. 


Four screws (sometimes only three) called foot screws or plate screws, hold ’ 
these plates apart by resting on the lower one and passing through the other. 


A vertical spindle in the center of the plates supports a rod, bar, or beam 
and is used to revolve the instrument. The beam is horizontal and carries 
at its ends two vertical standards or supports of equal size terminated by 
two forks of the general form of the letter Y. The inside of the Y’s is semi- 
circular. The top of the Y’s may be closed by semi-circular straps or bridles 
called clips, hinged on one side and pinned on the other. The pins are 


*NOTE.—The line of collimation is the line which would connect the intersection of the 
cross hairs with the optical center of the objective. 
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a magnified view of the image. Tangent screws may be used to give motion 
to the tubes carrying the objective and ocular. 


The cross hairs.—Either platinum drawn wires or spider’s threads attached 
to a ring within the telescope at the spot where the image is formed. The 
ting is secured by four capstan headed screws which pass through the tele- 
scope tube. There are commonly two hairs, one supposed to be horizontal 
and the other vertical, with their intersection in the axis of the telescope. 


Bubble level_—The spirit level attached to the telescope can be raised 


(A 


aga 


| 


Fics. 1,376 to 1,378.—Dietzgen builder’s Y level, metal trivet (fig. 1,376), and Y adjustment 
(fig. 1,378). Specifications: telescope length 12 ins.; magnifying power 18 to 20 diameters; 
objective 11% ins.; used full value; erecting eye piece; sensibility 60 seconds; 1/10 in. division; 
cross bar 7!4 ins.; horizontal circle vernier reading to 5 minutes; 4 leveling screws. The 
metal trivet (fig. 1,377) is for setting level where use of tripod is difficult. 


vertically by means of altitude screws at the rear end, and may he slightly 
moved laterally by means of azimuth screws at the forward end. 


The supports—Form the Y’s and are supported by the bar to which they 
are fastened by two nuts, one above and one below. These nuts may be 
moved by means of an adjusting pin. 


‘‘Lines” of the -Level.—The following are three principal 
lines of a level. 


536 ; Surveying 


’ 
t 


1. Vertical axis 
2. Bubble line 
3. Line of collimation 


The vertical axis.—This passes through the center of the 
spindie. 
Bubble line.—The metallic supports of the spirit level are 


equal and the tangent at their top or bottom is horizontal when 
the bubble is centered. This tangent is the bubble line. 


Line of collimation.—The line which would connect the inter- 
section of the cross hairs with the optical center of the obiective 
is the line of collimation. 


Relations between the lines of a level.—The following rela- . 
tions must obtain. 


Ist Relation.—The bubble line and the line of collimation must be 
parallel. 


2nd Relation.—The plane described by the bubble line should be hori- 
zontal, that is to say, perpendicular to the vertical axis. These conditions 
are generally satisfied in a new level. But exposure and usage may alter: 
these relations; hence the necessity of adjusting the instrument occasionally. 


Adjustmeuts of the Y Level.—The first relation given above 
cannot be established directly but requires three. adjustments. 


First Adjustment.—Making the line of collimation parallel to the bottam 
element of the collars, or collimating the instrument. Clamp the instrument. 
Unclip the collars. Sight at a distant point (as far as distinct) bringing the 
horizontal crosshair on it. Carefully turn the telescope in the collars by 
half a revolution around its axis and sight again. If the horizontal cross 
hair be still on the sighted point, the telescope is collimated with regard to 
that cross hair; if it be off the point, bring it half way back by means of 
the capstan headed screws and the rest of the way by the plate screws. 
Repeat the operation over another point till satisfactory. Collimate it 
with regard to the other cross hair. Leave screws at a snug bearing. 


Second Adjustment.—Setting the bubble line in a plane with the bottom 
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element of the collars. Unclip telescope, clamp the instrument over a pair 
of plate screws. Center the bubble by means of plate screws. Carefully 
and slowly turn the telescope in the collars by a small arc to the right, then 
to the left. If bubble move from center, bring it back by means of the 
azimuth or side screws. 


Third Adjustment.—Seiting the bubble line parallel to the bottom element 
of the collars. Unclip telescope. Clamp the instrument over a pair of plate 
screws. Center the bubble by means of plate: screws. Carefully take 


DOU eer 
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Ercs. 1,379 and 1,380.—Dietzgen builders’ convertible Y level with compass. This instrument 
due to its convertible feature can be used for obtaining vertical lines and for sighting ohjects 
above or below a horizontal plane. The view shows instrument witb telescope inclined when 
sighting a vertical line, The compass affords a ready means of determining the bearing of 
"ines and of measuring angles by the needle. 


telescope up, replacing it as carefully in the Y’s in the opposite direction, 
that is to say, the objective sighting in the direction where the eye piece 
first was. Ifthe bubble has moved bring it back half way by means of the 
altitude or foot screws of the spirit level and the rest of the way by the 
plate screws. Repeat in another direction till satisfactory. 
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The second relation is established by making the bubble line stay in 
the center of the graduation during a complete revolution of the instru- 
ment around its spindle. 


Fourth Adjustment.—Making the axis of the instrument (not of the 
telescope) vertical. Pin the clips, clamp and center bubble over a pair of 
plate screws. Reverse telescope over same pair of plate screws; bring bub- 
ble half-way back (if it has moved) by means of plate screws. 


Fifth Adjustment.—Making the bubble remain centered during a full 
revolution of instrument. Center bubble and revolve instrument horizontally 
by a half revolution. If bubble move, correct half way by means of the 
support screws (at the foot of the Y’s).* 


Leveling Rod.—This instrument, used in leveling is usually 
614 feet high, graduated to hundredths of a foot and provided 
with a sliding target. The rod is made in two parts so arranged 
that its length can be extended to 12 feet. 


*NOTE.—Should the rings become worn and unequal, use two peg method of the dumpy 
level. 


NOTE.—Dumpy level (so named from its compactness). Mostly used in England, and 
to some extent in the United States on account of the better stability of its adjustments over 
the Y level from which it mainly differs in that the telescope is permanently attached to the 
supports or uprights; but these uprights are adjustable. 


NOTE.—Drive two stakes (pegs) several hundred feet apart. Set instrument about half 
way between them. Level up and sight the rod held in succession on each stake. The difference 
of the readings is the true difference of the elevation of the stakes, even if instrument be not in 
adjustment. To test the instrument, set it over one of the stakes (the highest one for instance); 
level up and sight the rod held on the other stake. Subtract the height of the instrument from 
the reading, the difference should be equal to the difference of elevation of the stakes as previ- 
ously determined; if not, set the target half way between these readings, sight on it and ee 
bubble by means of altituce screws. Repeut operation till satisfied. 


Centering the Obj-ctive and Ocular.—These adjustments are made permanently by 
the maker. Four screws ho.d the tubes carrying the glasses, their heads passing through the 
outside tube, where, a.ter pe:manent adjustment, tiey are covered by a metallic ring. 


Parallax.—Apparent motion of the cross hairs on the obiect sighted when the eye is moved 
slightly. This shows imperfect focusing of the ocular over the cross hairs. To correct, hold a 
white surface as that of a book a little in front of the objective and move the ocular tube to and 
fro until the cross hairs are perfectly defined. 


How to Carry the Level.—The instrument should be properly clamped and screwed down 
on the tripod which is carried generally on the shoulder, except when going over rough ground 
and fences or obstructions. Carry it upright on rough surface. Then crossing a fence, carefully 
pass it over on the other side spreading the legs; the rodman will help if necessary. 

The Tripod.—See that the ferrules or shoes are not loose. Tighten the legs securely but 


not too much. Generally place two shoes in the direction of the line. On side hill work, place 
sue shoe up hill. Don’t knock the legs when stepping from side to side. 
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A sliding disc called a target is provided with a vernier for 
accurate work, reading to thousandths of a foot. 


In using, the rod is held in a vertical position with its lower end resting 
upon the point, the elevation of which is desired and the target moved up 
and down until its center coincides with the cross hairs of the telescope of 
the level. 


Fics. 1,381 to 1,383.—Dietzgen clamp and tangent screws. They act entirely on the centers. 
both the plates are free from strain and can be clamped without affecting the levels. The 
tangent screw consists of a single screw made of hard bronze or nickel silver with an opposing 
spiral spring to take up counter motion. Both clamp and tangent screws are accessible, 
The tangent screw or levels is attached to the cross bar and the clamp revolves with it and is 
always in the same relative position. 


Fic. 1,384.—Dietzgen leveling base. This part to which the leveling screws are filled, is of 
ribbed design. The leveling screws are made of hard bronze or nickel silver. 


The reading of the elevation is made from the rod on a line corresponding 
with the center line of the target. There are various kinds of rods, some 
designed to be read by the rod man, others through the telescope of the 
level. 
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Methods of Leveling.—The simplest case of leveling is to 
find the difference in level between two points which are visible 
from a third, point, the difference in level being less than the 
length of the leveling rod as in fig. 1,385. In case the difference 
in level be greater than the length of the rod the method shown 
in fig. 1,386 is used. Usually it is desired to find the relative 


rod. Set up and level instrument at some point about half way between the two points. 
Have rod man hold rod vertically on one of the points and move target up and down till its 
center coincides with the cross wires of the level. Take reading which gives distance Aa. 
Similarly, turn telescope on its spindle, hold rod on the other point and take reading which 
gives the distance Bb. Evidently the difference in level is equal to the difference in the read- 
ings that is Aa — Bd 


elevations of several points, as in grading work in which case it 
is necessary to keep more elaborate notes and:to measure dis- 
tances between the stations. The method here employed is 
shown in fig. 1,387, and the field notes are recorded as follows: 
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Field Notes 


(Corresponding to the operations illustrated in fig. 1,387.) 


i] 


Height of 


Wich ameXt Foresight | Elevation} Remarks 


—— ee ee ee eS ee ee 


( Bench- 
BOTY 1 QO chee eee eg ROM Bue Maes 100 mark, 
) top of 

hydrant 

Bhi 21008 el aa, meee eer cee 10.1 94.1 

eS tS oe GOs he ie | waters ire 168: 96.9 

Der eR SO0e. sf" eye er aN a 5.8 98.4 

Date MS 9.235) 95.1 |Turning 
point 

E fs FAN jh ene | Ce Bee. 92.3 

| Soe Sl hate YS Nei ae ae Lillie gee let Sc : 89.6 

GP ies SO Fre oe cca | Baebes oye 


A 


Fic. 1,386.—Leveling. 2. Between two points whose difference in level is greater than the 
length of the rod. Divide the distance between the two points into sections of such length 
that the difference in level between the dividing points A, B, C, cailed stations, shall be less 
than the length of the rod. Set up and level between A and B, and measure distance Ag 
called back sight (B. S.), then reverse the telescope and take reading Bb, called a foresight 
(F.S.). Next set up the level between B and C, and similarly take readings Bb’ and Ce. 
Repeat operation between C and D, taking readings Cc’ and Dd. Evidently the difference 
in level between stations A and D, is equal to the sum of the differences between the inter- 
mediate stations, that is this difference equals (Aa — Bb) + (Bb’ — Cc) + (Cc’ — Dd) or 
expressed in another form = (Aa + Bd’ + Cc’) — (Bb + Ce + Dd). 
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Directions for Using the Level.—Note carefully the following 
mode of procedure in leveling: 


1. Center the bubble over a pair of plate screws, then over theother pair. 
Plate screws should have a snug bearing. When looking at the bubble or 
at the cross hairs the eyes should look natural, that is, without strain. (ry 
to observe with both eyes open.) 


2. Adjust the eye piece to the cross hairs for parallax. 


Fic. 1,387.—Leveling. 3. Finding the relative elevations of several points. Assume a datum 
or reference line below the elevation of tne lowest station and refer all elevations to this line. 
Start at some permanently fixed point as a mark on building top of hydrant, etc.; this is 
called a bench mark. Let A, be the bench mark and assume datum line 100 feet below level 
of A. The “field notes” corresponding to the operations are given in the main text. Starting 
with the instrument between A and B, and taking a back sight on A, the distance Aa is 
found to be 4.2 ft., which added to 100 gives the height of the instrument. Next take 
foresights on B, C and D, and record them in proper column. It is evident from the figura 
that readings Bb, Cc, etc., subtracted from the height of the instrument, will give the eleva- 
tion at B, C, etc. This is done, and the results recorded in the proper column. The ground 
falls away so rapidly beyond D, that. it is necessary to set up the level further along and estab- 
lish a new height of instrument. This is done by holding the rod at some convenient point, 
as at T, called a turning point, and taking a fore sight, which measures the distance Tt (9.2) . 
The level is then set up in its second position between E and F, and a back sight taken on 
the rod in the same position which gives the distance Tv?’ (4.1). Then the distaace t/t = 9.2 
—4.1 = 5.1, and this subtracted from the previous height of instrument gives the new height 
which is 104.2 —5.1 = 99.1. A back sight is now taken on E, and fore sights on F, and G. 
These are recorded in the proper columns, and the elevations found by subtracting these 
distances from the new height of instrument. The horizontal distances between the stations 
are measured with a tape, and recorded in the second column. In plotting a cross section 
from notes kept in this way, the datum line is first drawn, and perpendiculars erected at 
points corresponding to the different stations. The proper elevations are then indicated on 
these vertical lines, and a contour line drawn through the points so marked. 
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3. Turn instrument toward target (it is better to level up facing the 
target). 


4, Look again at bubble. 


5. Sight the target and have it set right by motions according to a pres 
arranged code with the rodman. 


6. Look again at bubble. 

7. Read rod or direct target from the intersection of cross-hairs only. 
8. Approve target when absolutely sure. 

9. Have the height of target called out by rodman, 

10. Enter it in level book. 

11. Quickly make needed calculations and 


12. Briskly motion rod man to new station or to stay for a turning point 
T. P. and backsight and move yourself to anothe, position. 


The following additional hints will be found useful: 


Guarding against the Sun.—Draw the telescope shade, or use an 
umbrella or a hat. 


Length of Sights.—Avoid sights too short and too long. 250 to 356 
ft. should be the limits of sights. 


Equat Sights.—Length of backsight should practically balance length 
of foresight; this may be approximated by pacing, or by the stadia cross- 
hairs in the telescope. 


Long Sights.—When sights longer than the maximum allowable are 
unavoidable, correction should be made for curvature. 


Leveling Up or Down a Steep Slope.—The leveler after some practice 
will place his instrument so as to take a reading near the top or the bottom 
of the rod (as the case may be), thus gaining vertical distance; .but this 
produces unequal sights. He may also follow a zig-zag course. 


‘Leveling Across a Large Body of Water.—1. A running stream. 
Drive a stake to the water surface on each side of the stream and in a direc- 
’ tion normal to the flow (although the line may not runso). Takea F. S. 
on the first, a B. S. on the second and continue to and along the line. The 
elevations of the two stakes may be assumed equal. 


2. Across a Pond. Ifa pond or lake be too wide to insure a good sight 
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. across, do as for a stream. Drive stakes on each side and to the water 
surface; take a F. S. on the first and a B. S. on the second. 


Across a Wall.—Take a F. S. on the rod set on a stake, driven to the 
natural surface on the first side of the wall. Measure the height of the wall 
above stake and enter it as a B. S. Drive a stake also to the natural 
surface on the second side of the wall, measure the height of the wall on 
that side above the stake and enter it as a F. S. Set the rod on the stake 
and take a sight on it which will be a B. S. and continue. 


In Underbrush.—lIf it cannot be cut down on the line of sights, find a 
high place or provide one by piling logs, rocks, etc., to set the instrument 
upon. ; 

Through Swamp.—Push legs of tripod down as far as possible. The 
leveler lies on his side. Two men may be necessary at the level. If still 
unsafe drive stakes or piles for supporting instrument. 


Elevations to Be Taken at Road Crossings.—Take elevations both 
ways for some distance. 


Elevations to Be Taken at River Crossings.—Take elevations of 
high water marks, flood marks with dates of same. Question residents for 
the purpose; also for dates and data of extreme low water. 


Proper Length of Sights.—This will depend upon the distance at which 
the rod appears distinct and upon the precision required. Under ordinary 
conditions sights should not exceed 300 ft. where elevations are required to 
the nearest .01 ft. and even at a much shorter distance the boiling of the 
air may prevent a precision of this degree. 


Trigonometric Leveling.—Finding the difference in elevation 
of two points by means of the horizontal distance between them 
and the vertical angle is called trigonometric leveling. It is 
used chiefly in determining the elevation of triangulation sta- 
tions and in obtaining the elevation of a plane table station 


NOTE.—Curvature and Refraction Correction. Since a levei line is 2 curved line 
which at every point is perpendicular to the direction of gravity and the line of sight of a level is 
along a tangent to this curve it is necessary to take this into account in the more precise leveling 
work. This correction is usually combined with that due to the refraction of the atmosphere; 
and the combined correction, for sights of 300 ft. is about .002 ft; for 500 ft., .005 ft.; for 
1,000 ft., .02 ft. These corrections are to be applied to any single rod reading by subtracting 
from the reading; but if the rod be equally distant from the instrument on the foresight and 
backsight the effect of curvature and refraction is eliminated from the result. 
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from any visible triangulation point of known elevation. In 
triangulation work the vertical angles are usually measured at 
the same time the horizontal angles are measured, so as to obtain 
the elevations of triangulation points as well as their horizontal 
positions. The vertical angle is measured to some definite 
point on the signal whose height above the center mark of the 
station was determined when the signal was erected, and the 
height of the instrument above its station should be measured 
and recorded. In the most exact work the angles are measured 
with a special vertical circle instrument. In less precise work 
an ordinary theodolite whose vertical arc reads by verniers to 
30” or to 20” may be used, but with such instruments only single 
readings can be made. The best results with such an instru- 
ment are obtained by taking the average of several independent 
readings half of which are taken with the telescope direct and 
the other half with the telescope inverted. In every case the 
index correction, or reading of the vertical arc when the tele- 
scope is level, must be recorded. 


The Transit.—This instrument is for measuring both hori. 
zontal and vertical angles, although for ordinary work the 
vertical attachment is omitted. This instrument consists of a 
telescope mounted in standards which are attached to a horizon- 
tal plate called the limb. Inside of the limb, and concentric 
with it, is another plate called the vernier plate. The lower 
plate or limb turns on a vertical spindle or axis which fits into 
a socket in the tripod head. By means of a clamp and tangent 
screw, it may be clamped fast in any position, and made to 
move slowly through a small arc. The circumference of this 
plate is usually graduated in divisions of either one-half or one- 
third of a degree, and in the common form of transit these 
divisions are numbered from some one point on the limb in 


Surveying 


546 


‘uor}IN.I}SUOD pue s}Jed ZUIMOYS Jad[ Xessa] pue JeyNoy JO MTA TeUOTIIIG—"QEE"T °DI1.7 


erqeysarpy 22 
IBPOO SuIPOo'T ZL yuuourrsusy ,, OP JK ejqeysnlpy 2 


Mor 3,[pBodoIdeAT 14 AeIp Lr ann ol A aay 
4e > we = ‘ as 
MOTOS OQNy poy 9A}Q09(qO OF sosunja” : wee 
[eo] edoosvpa, 04 $40,dn8,, an” oar aesas 
M9I0s BUYSHIPS M,108,, ,, a wb quesuwy,, . , & 
dojs edoose|oy, 69 gnu {ps,, a ep yoqpias” “ 2 
quu Yoo] ayo X gg pela |, ie eer 5 Dee eee 
MOIS FUGSUBY ~—-—«OQN} J@Ae} is 64 Reaper bit: 
IOJ MOINS UOISUAT, 29 *]09 3,180q @ OOP Ersiginel (oer or 
Hoxoe. uOIsUd4 nee eqny MS 68 ae Ne 
Boy SUIoseT 99 es0n ,, Ke pee 
Eis edoowors ¢9 do4ys edoose]oy, 28 Ee : 10 a 
epeys UNG F9 Moros JODUNId dO K 9E Supe) heey 
Tege8? eee aeNedid i 4 Y BID ee BE 
Aolos dos aq aoqiieg EL 
” - 69 yoy, ee OL. y: MOINS HOOT ., os ZL 
Bul Zutsnooy ,, 19 AND K 2 6 Ni GY (129 J1®H 11 
ded ,, 09 Moazos SUMO AO x i N 7 aad a 
SSN ieee RUC be, gk Aa Yr ae » o 
. Ill, . 8 AtTOJ gnu fps ssddy 6% Y, voy SUTTOAOT 8 
AOL oe Gy eee APM | een 250740 
qunou yy suey |, 96 A Y N i 321 5 
AMBIp EIBIdeAT SG N ; Ps * 
J0}{NYg PS 
s0s(peyor ,, &S 


OMONEI eT S80ID 2g 
wore, 4, «IS 


ee 


Surveying 547 


—_ 


both directions around to the opposite point which will be 
180 degrees. The graduation is generally concealed beneath the 
plate above it, except at the verniers. 

This upper plate is the vernier plate which turns on a spindle 
fitted into a socket in the lower plate. It is also provided witha 
clamp by means of which it can be held in any position, and 
with a tangent screw by which it can be turned through a small 
arc. A vernier is a device for reading smaller divisions on the 
scales than could otherwise be done. 


Fic. 1,389.—Dietzgen builders con- 
vertible Y level. Can be used 
for leveling and for sighting 
objects above or below a horizon- 
tal plane. 


The transit generally is provided with a compass, so that the 
bearing of any given line with the magnetic meridian may be 
determined, if desired. It also has a spirit level attached to the 
telescope, 30 that it may be brought to a horizontal position and 
made to serve as a level. 
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Construction of the Transit.—The general features of transit 
construction are shown in fig. 1,390. Referring to the figure 
these are briefly as follows: 


Parallel Plates.—There are two plates, upper and lower. The lower 
plate A, is generally formed with two parts. The outside part is a flat ring 
and is screwed to the tripod head. ; 


Fic. 1,390.—Transit. The parts are: A, lower plate; B, upper plate; C, central dome; 
D, divided limb; E, spindle; F, foot screws; G, foot screw cups; H, vernier plate; J, com- 
pass circle; K, clamp screw vernier plate to divided limb; L, tangent screw; M and N, spirit 
levels O, standards or supports; P, horizontal shaft; Q, vertical arc; R, objective; S, ocular: 
T, telescope; U, racks and pinions; V, adjustable cross hair ring; 2, divided limb vernier; 
o’, vertical arc vernier; X, spirit level; Y, gradienter; Z, scaled index. These parts are 


described in detail in the main text. 
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; The inside part is another flat ring of larger diameter than the opening 
in the outside part and having a central dome C, perforated on the top. 


The inside part is movable and rests on the under side of the outside part. 


The upper plate B, is generally made in the form of a central nut, with four 
arms at right angles (or three at 120°). 

The upper plate carries an inverted conical shell the lower portion of which passes 
through the perforation in the dome of the inside part of the lower plate where it ex- 
pands into a spherical shape and thus forms a bail joint with the lower plate. This 
spherical member is perforated in the center to allow the passage of a plumb bob string, 

Foot Screws.—The two plates are connected by four (sometimes only 
three) foot screws F, in order: 1, to clamp the lower and upper plates, 
making them fast with each other and with the inverted shell, and 2, to 
serve in leveling the instrument. 

The screws pass through the ends of the arms of the upper plate and are surmounted 
by dust caps. Their feet fit into small cups G, resting on the top surface of the lower 
plate to avoid wear. 

Shifting Center.—As these cups may be moved as well as the central 
part of the lower plate (after slightly loosening the foot screws), a slight 
motion may be given to the instrument for better setting it over a given 
point of the ground. This arrangement is called a shifting center. 

Outer Spindle.—In the conical shell attached to the upper plate a 
second conical shell fits and may revolve. It is the owter spindle and carries 
projections to form attachments with other parts of the transit, 

Divided Limb.—The upper portion of the outer splinde terminates in 
a horizontal (it is intended to be so) disc of plate D, the limb of which is 
divided into 360° sub-divided into half, or third, or quarter degrees. The 
degrees are numbered every ten, either from 0° to 360° or from 0° to 180° 
either way; the degree-marks are a little longer than the sub-divisions, and 
every fifth degree has a mark a little longer yet. 

Lower Motion.—The outer spindle and the divided limb are A183 called 
the lower motion. 

Inner Spindle.—A solid*inverted cone fits into the outer spindle and 
may revolve init; itis the inner spindle and, like the outer one, it is provided 
with some projections for like purposes. 

Vernier Plate.—The upper portion of the inner spindle projects further 
than the divided limb and carries also a horizontal disc H, which movesin a 
plane parallel to the divided limb which it covers, except for two rectangular 
openings in opposite directions through which the divisions of the limb 
may be seen. These openings each carry a vernier v by means of which 
the sub-divisions of degrees are again divided. Some verniers read to one 
minute, others to one-half minute and some to 10 seconds. 

To facilitate the reading of the vernier, the Eernes are sometimes fitted 
with reflector and magnifying glass. 
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' Fic. 1,391.—Sectional view of Dietz- 
gen transit. The parts are: 1, eye- 
piece cap; 2, eye piece tube; 3, cross 
hair reticle; 4, reticle adjusting screw; 
5, washer for reticle adjusting screw; 
6, telescope main tube; 7, diaphragm 
for objective tube; 8, objective slide; 
9, focusing rack; 10, focusing pinion; 
11, focusing nut; 12, obje ‘tive head; 
13, objective ¢ell; 14, objective; 15, 
telescope axis; 16, vertical circle; 
17, vertical circle; 18, standards; 19, 
telescope axis clamp; 20, standard 
level; 21, plate level; 22, vernier 
shade glass; 23, vernier shade glass 
frame; 24, compass glass cover; 25, 
compass needle; 26, needle center; 
27, center jewel; 28, needle pivot; 
29, needle lifter; 30, needle lifter 
screw; 31, upper plate with horizontal 
vernier; 32, lower plate or horizontal 
limb; 33, tangent hanger; 34, clamp 
screw for upper vernier plate; 35, 
plate tangent screw; 36, inner center; 
37, intermediate center; 38, outer 
center; 39, clamp for lower cr limb 
plate; 40, tangent screw for lower or LO ‘ 
limb plate; 41, clamping collar; 42, tty nk: Tieay at 
Jeveling base or leveling screw arms; ie 4 

43, leveling screws; 44, dust caps; 
45, leveling screw cups, 46, half ball 
nut; 47, shifting plate; 48, center nut; 
49, center nut spring; 50, dust cap 
and plumb bob support; 51, leveling 
screw plate; 52, tripod head; 53, 
tripod belt; 54, wing nut for tripod 
bolt; 55, plumb bob chain and hook. 


We de 
Nie 


Surveying . 551 


Upper Motion.—The inner spindle and vernier plate H, are also called 
the upper motion. 


The vernier plate carries a compass circle J. 


Compass Circle.—A circular box the bottom of which carries at its center 
a sharp pivot of very hard metal (very hard steel or iridium) upon which a 
magnetic needle about 5 inches long is balanced by an agate cup fixed in 
the middle of its length. ‘The needle is very strongly magnetized; its north 
end is distinguished by color or ornamentation and its balance is regulated 
by a small coil of fine wire wound around one arm and which can be shifted. 


Fic. 1,392 and 1,393.—Dietzgen compass box and variation plate. Fig. 1,392, for engineering 
transit; fig. 1,393, for surveying transit. The compass circles are numbered in quadrants 
and graduated to half degrees. The south end of the needle in the northern hemisphere is 
provided with a coil of fine wire which can be shifted to equalize the difference of attraction. 
The variation plate is provided so that the magnetic declination may be set of accurately; 
the cardinal points shift with the graduated circle. This latter feature avoids the possibility 
of an error in reading when the magnetic declination is set off and the needle is at rest between 
the astronomical north and the magnetic north. 


with half degrees shown; they are numbere1 from two zeros marked at the 
ends of a diameter to 90° right and left. The bottom of the box is marked 
with two rectangular diameters corresponding to the graduations 0 and 90° 
of the vernier and two other diameters at 45° to the first. The forward end 
of the diameter marked 0 is designated by the letter N, and the rear end by 
the letter S; they mean North and South. The ends of the transverse 
diameter marked 90° is designated by the letters F on the left and W on 
the right; they meaning East and West. When set to an ordinary 
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surveyor’s compass, the forward end of the frame carries a vernier and a 
tangent screw to read fractions smaller than 14 degree. 


Controlling Clamps.—A screw K, permits to clamp the vernier plate 
H, to the divided limb D. Another screw attached to the upper plate per- 
mits to clamp the divided limb to the upper plate. 


Tangent Screws.—One tangent or slow motion screw L, accompanies 
each clamp screw. It is used to complete the clamping at the exact spot 
where it is to be made. 


Spirit Levels.—The spirit levels are attached to the vernier plate, one 
M, in front (north point of the box) the other N, on the side, thus forming 
an angle of 90°. 


Standards.—The vernier plate carries two vertical standards or supports 
O-shaped like an inverted V and placed one on each side. the center of their 
legs being just opposite the 90° graduation of the compass box. They are 
made equal. 


Horizontal Axis.—The standards carry between and on the top of them 
a movable horizontal axis P. 


Vertical Circle.—To this axis is attached, by means of a clamp screw, 
a vertical circle or arc Q, divided like the horizontal divided circle, and which 
in its vertical motion, just touches a circular vernier v, carried by the left 
standard together with a slow motion screw. 


Telescope.—In the middle of the horizontal axis and perpendicular to it 
is solidarily attached a telescope T, of a description similar to that of the 
engineer’s level with objective R, and ocular S, racks and pinions U, for 
their motions, adjustable cross hairs ring V, with ordinary and stadia hairs. 


Telescope Level.—An adjustable spirit level X, is also attached to the 
under part of the telescope as in the engineer’s level. This permits of the 
transit being also used as a leveling instrument if necessary. 


Motions of the Telescope.—Being solidary with the vernier plate, the 
telescope has the full range of the horizon and can measure any horizontal 
angle. Being on a horizontal axis endowed of free motion, it may move in 
a vertical plane carrying with it the vertical arc, and it can therefore measure 
vertical angles. 


In the horizontal motion, the vertical cross hair of the telescope is brought 
exactly on the point sighted by means of the slow motion screw L, carried 
by the vernier plate H. 


In the vertical motion, the horizontal cross hair of the telescope is brought 
exactly on the point sighted by means of the slow motion screw carried oa 
the inside of the left hand support and moving the vertical circle. 
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‘Lines of a Transit.”—The following are the principal lines 
of a transit: 
Vertical axis 
Horizontal axis 
Plate level line 
Attached level line 
Line of collimation 
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Vertical Axis.—The vertical which passes through the center of the spni- 
dle E. 


Horizontal Axis.—The axis P, of the shaft by which the telescope rests on 
the supports. It must be made horizontal. 


Plate Level Line.—The top or bottom lines of the plate level case N. 
These are level when the bubble is centered. 


Attached Level Line.—The level line of the bubble level X, attached to 
the telescope. Employed only when the instrument is used as an engineer’s 
level. 


Line of Collimation.—Line determined by the optical center of the objec- 
tive and the intersection of the cross hairs. 


Relations between the Lines of a Transit.—The following 
relations must obtain: 


1. The plate levels must be perpendicular to the vertical axis. 

2. The line of collimation must be perpendicular to the horizontal axis. 

3. The horizontal axis must be perpendicular to the vertical axis. 

4. The attached level line and the line of collimation must be parallel. 

5. The zero of the vertical circle must correspond to the zero of the ver- 
nier when the telescope is horizontal. 


Adjustments of the Transit.—The following are the necessary 
adjustments of the transit. 


First Adjustment.—Making the axis of the spindle vertical and the planes 
of the plates perpendicular to it. Set one level over a pair of plate screws; 
the other level will thus be set over the other pair. Level up both levels by 
means of the plate screws. Turn the vernier plate around by 4% a revolu- 
tion; if the bubbles remain centered during the motion, the vernier plate 
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is in adjustment; if they have moved, bring them half way back by means 
of the adjusting screws and the rest of the way by means of the foot 
screws. Repeat. 


Verify if the bubbles remain centered when revolving the divided circle; if 
not, the plates are not anger and the transit must be sent to the maker 
for repairs. 


Second Adjustment.—Collimating the telescope. Set up transit in 
center of open and practically level ground. Carefully level the instru- 
ment. Drive a stake or better a chaining pin some 200 or 300 feet away; 
chain the distance. Take a sight on that point and clamp the plates. Re- 
volve the telescope vertically (in altitude) by half a revolution, thus rever- 
sing the line of sight. Chain in that new direction the same distance as first 
measured and set a pin. Unclamp and revolve the vernier-plate by half a 
horizontal revolution. Sight again at the first point and clamp. Again 
revolve the telescope vertically by half a revolution. If the line of sight 
fall on the pin, the telescope is collimated; if not, set a new pin on the last 
sight and at the same distance as before and another pin at 14 the distance 
between the first pin and the second. Move the vertical cross hair by means 
of the capstan headed screw and an adjusting pin, until the intersection of 
the cross hairs covers the last pin set. Repeat. 


Third Adjustment.—Adjusting the horizontal axis so that the line of ~ 
collimation will move in a@ vertical plane. Level up carefully and sight 
on a high, well defined point, as a corner of a chimney, and clamp. Slowly 
move the telescope down till it sights the ground and drive a pin there. 
Unclamp; revolve the vernier plate half a revolution and revolve the tele- 
scope vertically half a revolution, reversing the line of sight. Look again 
at the high point and clamp. Slowly move telescope down till it sights the 
ground. If the intersection of the cross hairs cover the pin, the horizontal 
axis isin adjustment; if not, correct halfway by means of a support adjust- 
ing screw and the rest of the way by means of the plate screws. Repeat. 


Fourth Adjustment.—Making the line of collimation horizontal when 
the bubble of the attached level is centered. Drive two stakes 300 or 400 feet 
apart and set up the instrument about half way between. Level up and 
take readings on the rod held successively on the two stakes; the difference 
of the readings is the difference of elevation of the stakes. Next set the 
transit over one of the stakes, level up and take a reading of the rod held 
on the other stake; measure the height of the instrument; the difference 
between this and the last rod reading should equal the difference of eleva- 
tion as previously determined; if it do not, correct half the error by means 
of the attached level adjusting screw. Repeat. 


Surveying 555 


Fifth Adjustment.—Making the vernier of the vertical circle read zero 
when the bubble of the attached level is centered. Level up the instrument. 
Sight on a well defined point and take note of the reading on the vertical 
circle. Turn vernier plate half a revolution and the telescope also vertically 
half a revolution and again sight on the same point. Read again the 
vertical circle. Half the difference of the two readings is. the index error 
which may be corrected by moving either the vernier or the vertical circle; 


Fic. 1,394.—General principle of transit work. The transit is placed over the apex A, of the 
angle BAC, io be measured. Telescope is sighted to stake B (position M), and reading taken; 
then turned horizontally and sighted to stake C (dotted position S), and reading taken. The 
difference of these readings gives the angle BAC. Obviously C, may be located so that line AC, 
will make a given angle with AB, by turning telescope until the scale reads the desired angle, 
The stake is then driven in the line of sight. 


or the error may be noted and applied as a correction to all measurements 
of vertical angles. 


Sometimes it is necessary to adjust the compass; this is 
as follows: 
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First adjustment.—Straighten the needle. Examine to see if the ends 
of the needle set on opposite divisions; if not, fix pivot so that they will. 
Revolve the box by half a revolution; if the needle do not set on opposite 
divisions, bend both ends by half the difference. 


Second Adjustment.—Place pivot in center of the plate. Whensure that 
needle is straight, move pivot till the needle sets on opposite divisions at 
points such as 0°, 45° and 90°. 


Instructions for Using the Transit.—The transit requires 
various adjustments as explained in the preceding section. Ta 
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Fics. 1,395 and 1,396.—The vernier. Fig. 1,395, zero setting; fig. 1,396, set to read 20°10” 
from the zero mark. In the illustrations, the lower scale represents a portion of the gradua~- 
tions upon the lirnb, and the upper scale, the graduations upon the vernier. In fig. 1,396, 
the vernier plate has been revolved through a certain aagle which it is desired toread. Look-~ 
ing at the pointer at the extreme right of the vernier, it will be seen that it stands between 
20 and 2014 degrees on the lower scale. Next following-along the vernier until a division is 
found which is exactly in line with one on the lower scale. This division is 10 on the vernier; 
therefore, the reading is 20 degrees and 10 minutes. A vernier reading to minutes is suffi- 
ciently accurate for ordinary work. 


center the transit over a stake, rest one leg of the tripod upon 
the ground, then grasp the other legs and place the instrument 
as nearly over the stake as possible. Then attach the plumb- 
bob and center it-accurately by means of the shifting head. 
Avoid having the plates too much out of level, as this will 
result in unnecessary straining of the leveling screws and_plates. 
Having centered the instrument over the stake, level it up by 
the spirit levels upon the horizontal plate. To do this, turn the 
instrument upon its vertical axis until the bubble tubes are 
parallel to a pair of diagonally opposite plate screws. Then, 
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stand facing the instrument and grasp the screws between the 
thumb and forefinger, and turn the thumb of the left hand in 
the direction the bubble must move. 

When adjusting the screws, turn both thumbs in or out, never 
in the same direction. Adjusting one level will disturb the other 
but each must be adjusted alternately until both bubbles remain 
constant. The method of measuring a horizontal angle is 
shown in fig. 1,401. 
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Fics. 1,397 to 1,400.—Various Dietzgen transit verniers made to read minutes 30, 20, or ‘i0 
secunds. Fig. 1,397, circle divided into half degrees, vernier reading single minutes; fig. 
1,398, circle divided into 20 minute spaces, vernier reading to 30 seconds; fig. 1,399, circle 
divided to 20 minute spaces, vernier reading to 20 seconds; fig. 0,028, circle divided 'to 16 
minute spaces, vernier reading to 10 seconds.. On a building Y level the vernier ‘usually 
reads to 5 minutes. 


558 Surveying 


The process of laying off a given angle is similar to that ot 
measuring an angle. The transit is set up at the vertex of the 
angle, the vernier clamped at zero, and the telescope pointed 
at the target marking the direction of the fixed line. The limb 
is now clamped, the vernier unclamped, and the vernier plate 
turned through the desired angle and clamped. A stake should 
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Fic. 1,401.—Method of measuring a horizontal angle. To measure an angle as between the 
lines AB and AC, set up and level the instrument at A, as already described and clamp one 
of the verniers at the zero mark on the circle. Turn the telescope upon the target at B, and 
clamp the limb. Unclamp the vernier plate, and turn the telescope upon the other target 
at C. Read the vernier which had been set at zero, and the reading will be the horizontal 
angle through which the telescope turned from Bto C. Itis not necessay to set the vernier 
at zero before pointing at the first target. The result will be the same if the vernier be read 
when pointed at the first target, and then again, when pointed at the second. The difference 
between the two readings will be the angle required. Care must be taken in this method to 
note if the vernier pass the 180 degree mark, and, if so, to make the proper calculations. For 
simple work, where there are but few angles to be measured, it is less confusing to set the ver- 
nier at zero each time, especially for those not experienced in the work. 


now be driven in line with the vertical wire in the telescope, thus 
establishing the two sides of the angle. In laying out the 
foundations of buildings, a corner stake is first located by 
measurement, then the direction of one of the walls is laid out 
by driving a second stake. This direction may be determined 
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by local conditions, such as the shape of the lot, or the relation 
to other buildings. If the building is to be an extension to, or 
in line with, another building, the direction can be obtained by 
sighting along the building wall and driving two stakes in line 
with it. Ifit be to make a given angle with another building, 
this angle can be laid off as shown in fig. 1,402. 


Gradienter.—Some transits carry, attached to the horizontal 


STAKE STAKE 
ANGLE MEASURED 
WITH TRANSIT 


: 
: 
: 
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Fic. 1,402.—Method of laying out a new building S, at a given angle with an old building M. 
After the corner and the direction of one wall are determined, a right angle may be laid off 
(if the building be rectangular), thus locating two of the sides, as AB and AC. The length 
of the side AB, is now measured, locating the corner B. The transit is set up at B, and the 
line BD, laid off at right angles to Ab. AC, and BD, are then laid off the proper length, 
and thus the four corners of the building located. — If the building had not been rectangular 
the proper angles could have been laid off instead of right angles. It is often desirable to 
make a block plan or map of the grounds and buildings of a plant. 


axis by means of a clamp screw and inside of the right hand sup- 
port, an attachment called gradienter, Y for the determination 
of grades and distances. It consists of an arm of the shape of an 
inverted Y with curved branches, to the extremities of which are 
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attached an encased spiral spring and a nut through which 
moves a micrometer screw with a graduated head revolving in . 
front of a scaled index Z, also carried by the arm. The ends of 
the screw and of the spring about on opposite sides of a shoulder 


fre. 1403.-Bostrom builders’ level especially adapted for the use of builders, carpenters and 
stone masons. It can be used for any kind of foundation work and for obtaining angles. It 
is made of brass, oxidized and has a silvered circle graduated to vial. A plumb bob, tripod 


and graduated rod, 5 ft. extending to 914 ft. completes the outfit. The red is equipped with 
a target. 


carried by the right hand support. The head is divided into 
tenths and hundredths, and every revolution moves it in front of 
the scale by one division of the latter; so that the scale gives the 


NOTE.—Care of Instruments. With proper care the usefulness of an instrument can 
be preserved for many years; accordingly, the following suggestions on the care of instruments 
should be noted. The lenses of the telescope, particularly the object glass, should not be re- 
moved, as this will disturb the adjustment. If necessary to clean them, great care should be 
taken and only soft, clean linen should be used. To retain the sensibility of the compass needle, 
the delicate point on which it swings must be carefully guarded, and the instrument should not 
be carried without the needle being locked. When the needle is lowered it should be brought 
gently upon the center pin. The object slide seldom needs to be removed; but when removing 
is necessary, the slide snould be carefully protected from dust. Do not grease or oil the slide too 
freely, as only a thin filmis necessary. Any surplus of oil should be removed with a clean wiper. 
The centers, subject to considerable wear, require more frequent lubrication. After thoroughly 
cleaning, they should be carefully oiled with a fine watch oil. \ All of the adjusting screws should 
be brought to a firm bearing; but should never be tightened to such a degree that a strain is 
applied to the different parts, as, if this is done, the adjustment will be very unreliable. When 


the instrument is carried on the tripod all clamps should be tightened to prevent unnecessary 
wear on the centers, 
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number of turns of the screw, and the graduated head the frac- 
tion of a turn. 


In grading, if one revolution of the screw move the cross hair a space of 
one foot on a rod held 100 feet away, the slope indicated by the telescope 
is 1 per cent. To establish a grade, level up the telescope, clamp the arm . 
of the gradienter and turn the micrometer screw as many divisions as 
required in the grade. For instance: 2.35. Move the head two complete 
turns plus 35 sub-divisions. Measure height of telescope from ground; set 
rod at that height; then hold the rod at any point of line, raising it till 
the target is bisected by the cross hairs; the foot of the rod will then be on 
the grade. 


The Stadia.—This is'a device for measuring distances, and 
consists essentially of two extra parallel hairs in addition to the 
ordinary cross hairs of the telescope of a transit or a level as 
shown in fig. 1,404. 


Fic. 1,404.—Principle of the stadia or device for measuring distances. The fixed stadia hairs 
are so set that they will intercept one foot on a tod at a distance of 100 feet. Since the image of 
the cross hairs is projected to a point beyond the telescope objective equal to its focal length, 
the rays of light converge at that point and measurements must begin from there; therefore, 
2 constant is to be added to all stadia readings equal to the focal length of the object glass 
plus the distance from the face of objective to the center of the instrument. This constant 
is termed “‘F + C’’, and for transit telescopes is equal to about one foot. The stadia hairs 
are superior to any other appliances for measuring distances. 


The stadia hairs may be adjustable or they may be fixed per. 
manently on the diaphragm. 

In using the stadia distances are measured by observing 
through the telescope of a transit the space, on a graduated rod, 
included between two horizontal hairs called stadia hairs. If 
the rod be held at different distances from the instrument, 
different intervals on the red are included between the stadia 
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phia rod; C, Philadelphia 


A, heavy Philadelphia rod; B, light Philadel 
» sectional; E, New York rod; F, stadia rod; G, stadia rod; H, Florida rod; 1, Illinois rod. 


ious Dietzgen leveling rods. 


i Chicago rod 


Fics. 1,405 to 1,413.3 
pattern mining rod; 
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ic. 1,414.—Measuring Chains. Made in various units as feet, surveyor’s links, and in hengths 
33, 50, 60 and 100 ft. 


_{Gs. 1,415 and 1,416.—Steel chain tape and detachable handle. In construction, the steel 
ribbon is 14 in. wide and is plated with white metal. Divided and numbered on hand nicke} 
silver bands (sleeves) which are clamped and soldered preventing corrosion as moisture can- 
not enter between the bands and ribbon. The ends of the bands are beveled to prevent thet 
catching On under brush etc., or on each other when winding or unwinding the ribbon. 
Divisions begin about 6 ins. from ends of ribbon. 
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hairs, the spaces on the rod being proportional to the distances 
from the instrument to the rod, so that the intercepted space is 
a measure of the distance to the rod. This method furnishes a 
rapid means of measuring distances in filling in details of topo- 
graphic and hydrographic surveys. It is used either with a 
transit or a plane table which is provided with the two additional 
horizontal cross hairs. it has the great advantage that the 
intervening country does not have to be traveled, provides a 
means of measuring inaccessible distances such as across water 
Surfaces, the errors of measurements are compensating rather 
than cumulative, and it affords an accuracy sufficient for many 
kinds of work, being applicable even to surveying for area of 
such lands as wood lots or farms, for an accuracy of one part 
in 500 may be attained with the stadia. The rod used may be 
of any desired pattern of self reading rod, the Philadelphia rod 
being a good type for short distances. It is well to use a rod 
with the graduations represented by some diagram which can 
be seen distinctly a long distance, 1,000 to 2,000 feet away. 
Portions of two of these rods are shown in figs. 1,405 and 1,406, 
' with the reading of the three cross hairs marked in the figure. 
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CHAPTER 28 


Strength of Timbers 


The various mechanical properties of woods have been 
determined by many tests. In the shop the fitness of any kind 
of wood for a given purpose depends not on one, but a combina- 
tion of several properties, such as strength, hardness, stiffness, 
etc. 

In treating of the strength of timbers, numerous technical 
terms are used the meaning of which should be thoroughly un- 
derstood. Accordingly a few definitions are here given. > 


Definitions 


Brittle.—Breaking easily and suddenly with a comparatively smooth 
fracture, mot tough or tenacious. This property usually increases with 
hardness. The hardest and most highly tempered steel is the most brittle; 
white iron is more brittle than grey, and chilled iron more than other. The 
brittleness of castings and malleable work is reduced by annealing. 


Bending stress.—In physics, a force acting upon some member of a 
structure tending to deform it by bending or flexure; the effect of this force 
causes bending strain on the fibers or molecules of the material of which the 
part is composed. An instance of pure bending stress is given by pulling 
on the end of a lever, which tends to deflect it while performing work. 


Compression.—To press or push the particles of a member closer 
together, as, for instance, the action of the steam pressure in a boiler on the 
fire tubes. 


Deformation.—Change of shape; disfigurement, as the elongation of a 
_ test piece under tension test. 


Ductile.—Easily drawn out; flexible; pliable. Material, as iron. is 
“ductile’’ when it can be extended by pulling. 
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Elastic limit.—The greatest strain that a substance will endure and 
still completely spring back when the strain is released. 


Factor of safety.—The ratio between the breaking load and what is 
selected as the safe working load. Thus, if the breaking load of a bolt be 
60,000 pounds per square inch, and the working load be 6,000 pounds per 
square inch, then the factor of safety is 60,000 + 6,000 = 10. 


Force.—That which changes or tends to change the state of a body at 
rest, or which modifies or tends to modify the course of a body in motion, 
as a pull pressure or push; a force always implies the existence of a simul- 
taneous equal and opposite force called the reaction. 


Load.—The total pressure acting on a surface; thus, if an engine piston 
having an area of 200 square inches be subjected to a steam pressure of 150 
pounds per square inch, then the load or total pressure on the piston is 200 
X 150 = 30,000 pounds. 


Member.—A part of a structure as a brace, rivet, tube, etc., subject to 
stresses. 


Modulus (or Coefficient) of elasticity.—The load per unit of section 
divided by the elongation or contraction per unit of length. Within the 
elastic limit, when the deformations are proportional to the stresses, the 
modulus of elasticity is constant, but beyond the elastic limnit it decreases 
rapidly. In wrought iron and steel there is a well defined elastic limit, and 
the modulus within that limit is nearly constant. 


Modulus of rupture.—A value obtained by experiment upon a rec- 
tangular bar supported at the ends and loaded at the middle substituting 
results in the formula 


in which P = breaking load in pounds; /, b andd, = length, breadth and 
depth respectively in inches. 


Permanent set.—When a metallic piece is stressed beyond its elastie 
limit, deformation occurs, the piece being either stretched, crushed, bent 
or twisted, according to the nature of the strain. This alteration in form is 
known as permanent set. 


Resilience.—The property of springing back or recviling upon removal of 
a pressure, as with a spring. Without special qualifications the term is 
understood to mean the work given out by a spring, or piece strained simi- 
larly to a spring, after being strained to the extreme limit within which it 


: 
: 
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may be strained again and again, without rupture or receiving permanent 
set. 


Shear.—The effect of external forces acting so as to cause adjacent sec- 
tions of a member to slip past each other. When so acted upon the member 
is said to be in shear. 

Strain.—According to Wood it is a name given to the kind of alteration 
produced by the stresses. The distinction between stress and strain is not 
always observed, there being much confusion among writers as to these 
terms. 

Strength.—Power to resist force; solidity or toughness; the quality of 
bodies by which they may endure the application of force without breaking 
or yielding. 

Stress.—1. An internal action or internal force set up between the adja- 
cent molecules of a body when acted upon by forces. 2. The force, or com- 
bination of forces, which produces a strain. 


Tenacity.—The attraction which the molecules of a material have for 
each other, giving them the power to resist tearing apart. The strength 
with which any material opposes rupture, or its tensile strength. 


Tensile strength.- -The cohesive power by which a material resists an 
attempt to pull it apart in the direction of its fibers, this bears no relation 
to its capacity to resist compression. 

Tension.—The stress or force by which a member is pulled; when thus 
pulled, the member is said to be in tension. 


Tough.—1. Having the quality of flexibility without brittleness; capa- 
ble of resisting strain, able to sustain hard usage; not easily separated or 
cut. 


Ultimate strength.—The maximum unit of stress developed at any 
time before rupture. 


Yield point.—The point at which the stresses and the strains become 
equal, so that deformation or permanent set occurs. The point at which the 
stresses equal the elasticity of a test piece. 


The tie rod of a roof truss resists being pulled apart because 
of its tensile strength. The stress thus applied strains the tie 
rod, causing a deformation or change in the shape of the rod, 
that is, it is stretched (elongated) and a contraction of area in cross 
section takes place. If the Joad be not heavy enough to stretch 
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the rod beyond its elastic limit, it will, when the load is removed 
return to its original form due to its elasticity. 

If the load be heavy enough to stretch the rod beyond its 
elastic limit, it will not on the removal of the load return to its 
original form but remain permanently set. The elastic limit is 
reached when, in increasing the load a small increase in load 
will cause an unduly large contraction of area. 

‘If the load be increased sufficiently to break the rod (over- 
come its tenacity), it is said to be ruptured. The rod itself 
considered as forming a part of the truss is called a member of 
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Fic. 1,417.—Tensile test. The specimen R, is placed in the wedge grips a,b,c,d, thus pulling 
it in tension between the fixed end and movable head of the machine. The latter is connected 
with the scale lever G, upon which slides the weight W, similar to an ordinary weighing scale. 
Two center marks L and F, are punched on the specimen at a standard distance A, apart. 
In testing, the pull on the specimen is gradually increased by moving W, to the left and 
the dimensions A and B, measured for each increase of load. 


yg tga 4 


NOTE.—Ordinarily the carpenter, if called upon to specify the sizes of timber entering 
into the construction of a building, would size them according to his sense of proportion gained 
iby observation of general practice. He knows, for instance, that 2 X 4 studs with the usual 
spacing are practically always used, but how can he determine if the ordinary floor frame be 
strong enough to support a heavy load of machinery, etc.? The carpenter should not be called 
upon to determine the size of timbers as that is the problem of the architect or designer of the 
building. However, the progressive carpenter will want to know how the architect proportions 
the timbers and such knowledge will tn some instances be of use to him. 


Strength of Timbers . 569 


the truss, but a short portion of the rod cut off for testing in the 
laboratory is known as a specimen. 


Tension.—A tension test is made as indicated in fig. 1,417. 
The specimen is placed in the machine and gripped at each end, 
then a tension stress is applied increasing in intensity until 
rupture, noting as the load is progressively increased, the elonga- 
tion of the specimen, contraction of area, breaking load and 
elastic limit, the results being tabulated thus: 


Tensile Test 


Specimen length........ ins. Cross section......... sq. ins. Shape...... 
| 
Load | 
Contraction Elasti 
of area ani ie strength 
Total Lbs in % (lbs. per sq. in.) 
in Ibs. per sq. in. ; 


Example.—A truss member is subjected to a load of 50,000 Ibs. tensile 
stress. What size timber should be used if of long leaf yellow pine; if of 
spruce. 

In the table of working stresses, the value given for yellow pine and spruce 
are 1,200, and 800 lbs. per sq. m. cross section respectively, hence 


50,000 


i i i a = 42 sq. in. 
cross section yellow pine timber 1,200 sq. in 
cross section spruce timber = ee = 62.5 sq. ins. 


Compression.—A column ‘supporting the roof of a piazza is 
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subjected to a stress tending to crush it and is said to be 7m 
compression. 

Owing to their transverse position, the medullary rays (a 
large part of all woods) offer but one-tenth to one-twentieth as 
much resistance as the main body of fibres and also weaken the 
timber by disturbing the straight course of the fibres and the 
regularity of the entire structure. The resistance to compres- 
sion is much affected by the position of the grain. 


SW 
OTT 


Fic. 1,418.—Compression test. Thespecimen R, is placed between the two plates M and S, 
and a compression stress of any intensity applied by moving the weight W, on the lever G. 
In testing, as the load is gradually increased, the changes in dimensions A and B, are noted 
and result calculated in a manner similar to that explained in the tension test fig. 1,417. 


The perfectly cross grained piece sustains about one-tenth to 
one-twentieth of the load which is supported by the straight 
grained piece; the piece is also weakened by an oblique grain. 
When wood is compressed endwise, the fibres act as so many 
hollow columns firmly grown together. When the load becomes 
too great these small columns bend over and the piece “‘buck- 
les.” The oblique position of the fibres in cross grained and 
knotty timber tend to reduce the strength in compression. 

In making a compression test, the specimen is placed between 
two plates as in fig. 1,418, and a compression stress applied 
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gradually increasing in intensity until rupture takes place, 
noting its increase of cross section, decrease in length, for the 
various loads and its compression strength in lbs. per sq. in. 
of cross section of the specimen at rupture the results being 
tabulated in a similar manner as indicated under the tension 
test. 


The following working stresses and loads from the New York 
Building Code will indicate limits of stress to which wood should 
be subjected in proportioning the parts. 


Working Stresses for Timbers 


(Ibs. per sq, in. of cross section) 


i Compression 
Tension 
with across 
grain grain 
Oak A rice hie ee ee ORR Gens 1,200 1,400 1,000 
Yellow pine, long leaf................. 1,200 1,600 1,000 
Spruce and Douglas fir................ 800 1,200 800 
IDOULIAS Witt cWencteywass celia th tesa tmea cos 800 
White pine, short ieaf yellow pine, N. C. 
DUE tC eles aerets can deca eee cc teocdbtesurlae- ety 1,000 ‘ 800 
BV Vita ECU DING: aril Serax ccs forthe nye Foe 700 
HEOCUSt Aare Pe earat sree Neer cre ee air 2 4: 1,200 1,000 
HVCIMOCK Metre CU mer Me dy treet 600 800 800 
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Working Stresses for Columns* 


(for various length diameter ratios) 


Lbs. per sq. in. cross section. 


Length + diameter, Long leaf 
or least side yellow pine Spruce 
30 600 390 
25 700 475 
20 800 560 
15 900 645 
12 960 695 


10 1,000 730 


Builders in different sections of the country should compare | 
the above with any local ordinances; and in the absence of such, 
they may be taken as safe working stresses. 


#xample.—A tank 10 ft. in diameter and 16 ft. high is to be supported 
by four rectangular posts. Find size of these posts for a working stress of 
800 Ibs. per sq. in. neglecting weight of the structure. 


Cubic feet of water contained in the tank when full 


_ Jarea bottom height} , 
x ae x oat x 16 | 1256.6 camits 


Taking weight of water at 6214 lbs. per cu. ft., then 
weight of water = 1256.6 X 62.5 = 78,538 Ibs. 
For four posts and working stress of 800 lbs. per sq. in. 
78,538 
4 x 800 
nearest rectangular post is 4 X 6 


cross area of each post = = 24.6 ins. 


*NOTE.—For columns of short leaf yellow pine, N. C. pine or Douglas fir, the working 
stresses shall not exceed 34 of the corresponding values given for long leaf yellow pine, for 
columns of white pine or fir, the working stresses shall be taken the same as for spruce; for 
columns of white oak, the working stresses shoY he taken ihe same as for long leaf yellow pine. 
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If any of the wood be cut away for bolts, or by notches or mortises, the 
area should be proportionately increased, using the nearest larger size tim- 
ber rather than nearest smaller size. 


Example.—One side of a tower projecting from a building is to be sup- 
ported by four long leaf yellow pine columns having a length of 25 times the 
diameter. If the total load to be supported be 75,000 Ibs., what is the 
minimum cross section area of each column? 


For four columns, the load to be carried on each column 


= 75,000 + 4 = 18,750 lbs. 


SS 
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Fics. 1,419 and 1,420.—Good and poor bearing surfaces of columns showing the importance 
of squaring columns with precision in cutting. In fig. 1,419 tne entire top of the column is in 
contact with the load member, hence the pressure per sq. in. of cross section coming on the 
column will correspond with the allowable working pressure for which the column was 
calculated. Ifthe column be.carelessly cut off (not square), or out of plumb, asir fig. 1,420, 
so that only part of the end as MS, is in contact (greatest at M), with the load member 
then there will be excess stress:at this point. Suppose the portion MS, of the bearing surface 
in contact be only 14 of the entire surface then the stress coming on the top of the column 
wJl be twice that for full contact, as LF, shows the portion not in contact with the load 
memiber. 


PORTION OF 
BEARING SURFACE’ 
TAKING THE LOAD 


in the table of working stresses for columns, for 25 diameters ratio, 700 lbs. 
per sq. in. of cross section is allowed for a long leaf yellow pine column. 
hence 


man 


cross section area = 38,790 + 100 = 20.3 $q. in. 
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diameter corresponding = a = \ a = 5.8, say S34 


Taking nearest regular size larger would make the columns 6 ins. in diam. 


eter. 


An important point with respect to tirnber in compression is that the ends 
should be cut exactly square so that there will be full bearing surface, other- 
wise the timber will be subjected at the ends to more than the working 
stress. This is illustrated in figs. 1,419 and 1,420. 


ie 


LOAD R=16,000 LBS. 
NOTCH LOAD =12,000 LBS. 
WORKING STRESS ON NOTCH 

1,000 LBS. PER SQN. 
AREA NOTCH = 


DEPTH OF NOTCH,OR 
= AB=14.4 +8=1.8 INCHES, 


2 
ZAC SAY TZ INCHES - 


TOMPRESSION STRESS 1,000 LBS. 
PER SQ.IN. ACROSS THE GRAIN 


COMPRESSION STRESS},000 LBS. PER SQ.1N. WITH THE GRAIN 
20 Yo EXCESS NOTCH AREA FOR INACURACY OF FIT 


Fries. 1,421 and 1,422.—Notched mortise and tenon joint illustrating method of calculating the 
depth of the notch ABCD. 


Example.—A load of 16,000 lbs. is to be carried at the end of an8 x 8 
girt. How deep a notch must be cut in the post so that the tenon will be 
relieved of 34 of the load allowing 20% excess area for inaccuracy of fit, 


and working pressures of 1,600 Ibs. per sq. in. with grain, and 1,000 Ibs. | 
across grain? Suey 


34 of 16,000 = 12,000 Ibs. load to be carried by notch 


When the members are in position and loaded the end of the girt is 
subjected to a compression stress across grain and the notch, to a com- 
pression stress with grain. Since the bearing surface of girt and notch are 
necessarily equal, the joint must be calculated for the lower of the two com- 
pression working stresses or 1,000 Ibs. per sq. in. Hence 
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area bearing surface = (12,000 + 1,000) +. 20% 
= 12 X<1.2 = 14.46q.. ns. 


Since the girt is 8 ins. wide 
depth of notch = 14.4 + 8 = 1.8 ins. say 134 ins. 


as illustrated in figs. 1,421 and 1,422. Ordinarily a dimension such as 1.8 
would be increased to a workable value as 17% or 2 ins., but since a liberal 
allowance was made for inaccuracy of fit, and it is not advisable to weaken 
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Fics. 1,423 and 1,424.—Singie and double shear tests. The specimen is placed in the holder _. 
and the stress applied. The cutter shears the metal in a single plane for single shear and in 
two planes for double shear as clearly shown in the illustrations. 
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the post too much by cutting an unduly deep notch, the next regular dimen- 
sion smaller is used—134 in. 


Crushing Across the Grain.—Since timber is very weak in 
crushing across the grain, as compared to crushing endwise, this 
is found to be one of the most common methods of failure in 


FORCE NAILS IN SINGLE SHEAR 
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COLUMN SHOE 
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Fics. 1,425 to 1,428.—Examples of single and double shear. In the lap joint fig. 1,425, the 
nails are in single shear in the plane of surface M. Evidently in fig. 1,426, there is a tendency 
to shear the through bolts both along the surfaces M and L, (double shear). In the case of 
a notched girt, loaded as shown, a shearing stress occurs in the plane M, or side of the post: 
the reason for the notch in heavy construction is to relieve the tenon of the shearing stress. 
Fig. 1,428 shows a stud shoe in double shear, the stresses being in the planes L, F-. 
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_ practice. It is common to rest a timber column on a sill of the 
same wood, and to design the column for its maximum working 
load, paying no attention to the utter inability of the sill to 
carry this load without crushing. Many failures of timber 
structures are due to this cause alone. As there is no definite 
point of failure in crushing across the grain, two limits of de- 
formation have been arbitrarily chosen at which the load has 
been recorded, namely: at three per cent compression, as a work- 
ing limit allowable, and at jifteen per cent compression, as an 
extreme limit, or as failure. 

The following values are given in U. S. Forestry Circular 
No. 15 for crushing strength across the grain of various timbers 
in lbs. per sq. in. (3% deformation): 


EON MEARE DITIC., Mgsearas eas) bore aac aNs, OSE ie awn thes eos ee 1,000 
SOL EVeAT PINE ia ivtciss. coe wes Oe et ork ne aoe 900 . 
WATE TINEM tate crcatkgstedc ices Meee choice Pe een 700 
SDEUCE eet ees ene ctotie Criminn tore pemrominn ee teen rane 1,200 
PW ECICCOAL ED Manceten et nerh sm lianenene care a anaade cog cer) ce Te 700 
NB 0d E000 EN an ee REO fo PRA Ae ie 800 
AW ltt keer care nie arene Guess ee Re a) a1<. ce, Mele Balti cameos eae ars 2,200 
Sha gbarkenicKOryiremin noi, dyes eco in ae eee ceewe emer tee e 2,700 
White cline. tu.. the are) AP AA AS ato Ma eet _»+1,200 
Wilt Ue ta Slicernce testis ae titan it ee athe wate cane, pie amano ri hectisie sn 1,900 


Shearing Stresses.—There are two kinds of shearing stresses 
according as the specimen is in s7ngle or double shear as shown 
in the tests figs. 1,425 and 1,426. In either case the test is 
made by cutting through the specimen and noting the load 
required for the operation. The difference between single and 
double shear is further illustrated in figs. 1,429 to 1,432, being 
examples in ordinary carpentry practice. The following table 
gives the safe working stresses for shearing: 
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Safe Shearing Stresses for Timbers 


(Ibs. per sq. in. of shearing surface) 


With grain | Across grain 


Oakit ihe: Be ee We 2 a Res cA ene _ 200 1,000 
Yellow pine, long leaf...................... 150 1,000 
Yellow: pine, short leafs anced a, 150 1,000 
INe@r pines, Doelas fittiec sore acter 100 1,000 
White pine} spruceiandifir.. 0) 50.0 eo. ee ane 100 500 
Hemlochkostzpa tera caeek ie ce ae ae 100 | 600 


The distinction across grain and with grain should be carefully noted 
as shown in figs. 1,433 and 1,436. According to Johnson, “‘wet or green 


FORCE 


SINGLE SHEAR 


SHEARED SURFACE(A,B,C,D) 


go 
PIECE SHEARED OFF M #35" 

A B 
Fics. 1,429 to 1,432.—Notched timbers in single shear with the grain. If force be applied 
to the timbers M and S, tending io pull them apart as indicated by the arrows, a shearing 
stress is brought on the notches. The notch on M, being the weaker, will shear when suffi- 
cient force is aprlied, as indicated in figs. 1,431 and 1,432. Here the shaded surface ABCD, is 
the surface sheared. The total force applied divided by the area expressed in sq. ins. given 
the shearing Joad in tbs. per sq. in. with the grain. Fig. 1,432 shows the notch sheared off M. 
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wood in general shears about one-third more easily than dry wood; a surface 
parallel to the rings (tangent) shears more easily than one parallel to the 
medullary rays. The lighter conifers and hard woods offer less resistance 
than the heavier kinds, but the best of pine shears one-third to one-half 
more readily than oak or hickory, indicating that great shearing strength is 
characteristic of “tough woods.”’ 


SINGLE SHEAR 
ACROSS THE GRAIN 


Fics. 1,433 to 1,435.—Mortised girt in single shear across the grain. If sufficient force be 
applied to the girt as indicated by the arrow L, it will force it down shearing off the tenon in 
the plane of its shoulder as indicated by th: shaded surface A’B’C’D’ in fig. 1,435. Fig. 1,433 
shows girt and post in position before shearing; in fig. 1,434 the end of the tenon ABCD is 
visable. If the shearing load were, say, 2,000 lbs. per sq. in. (acress the grain) and the area 
of the sheared surface A’B’C’D’ were 6 ins., then the total force L, applied necessary to shear 
off the tenon is 2,000 X 6 = 12,000 lbs. 


Example.—A load of 16,000 lbs. comes on the end of a girt. What size 
tenon must bs cut. to carry this load without notching, the girt being of 
yellow pine? : 


According to the table of safe shearing stress for timbers, yellow pine is 
allowed 1,000 Ibs. per sq. in. across the grain. Hence 


.- 
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sectional area of tenon = 16,006 + 1,000 = 16 sq. in. 


The relative dimensions of the tenon will depend on those of the girt 
and post. The tenon should be long and narrow rather than square, s¢ 
that the cross sectional area of the post will not be unduly reduced. 


Example.—lf in figs. 1,436 to 1,439, the tenon of M, must carry a load 
of 16,000 Ibs., how large should the tenon be and if S, bean 8 X 8 timbers 


HEARED SURFACES 
(asco, a‘B‘C'D') 


DOUBLE SHEAR af 
WITH THE GRAIN pp 


Fics, 1,436 to 1,439.—Mortise and tenon joint tn double shear with the grain. Similarly asin 
the preceding illustrations, if sufficient force be applied to the tenon member M, as indicated 
by the arrow F, and the tenon be stronger than the mortise of S, it will double shear the lower 
side of the mortise along the shaded surfaces ABCD, and A’B/C’D’ as shown in fig. 1,437. 
Wf the shearing load were, say 200 lbs. per sq. in., with the grain and the area of the sheared 
surfaces ABCD, and A’B’C’D’ were each 6 sq. ins., then the total force F, applied necessary 
1o shear off the bottom of the mortise fs (200 X 6) X 2 = 2,400 lbs. In a properly designed 
joint of this kind the distance AD (fig. 1,437) should be such that shearing strength of tenon = 
shearing strength of bottom of mortise. , 


determine dimension AD, for equal strength of tenon and mortise, assuming 


safe shearing stresses of 1,000 Ibs. per sq. in. across the grain and 150 lbs, 
with the grain? 


sectional area of tenon = 16,000 + 1,000 = 16 sq. ins, 
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Take thickness of tenon OH (fig. 1,438) at approximately 14 thickness 
of S, or say 2% ins., then breadth or 


HM (fig. 1,438) = 16 + 2.5 = 6.4, say 6% ins. ‘ 
Now for equal strength the shearing surfaces ABCD, and A’B’C’D’; for 


the mortise (fig. 1,438) should be proportioned for 150 Ibs. per sq.’ in. 
Hence, for load of 16,000 lbs. 


mortise shearing surface = 16,000 + 150 = 107 sq. ins. 
or 
107 + 2 = 53.5 sq. ins. for each surface 


Since the length of each surface = length of tenon = 8 ins. then height 
of bottom of mortise from end of S, or distance 


AD = 53.5 + 8 = 6.61ns., say 6% ins. 


Transverse or Bending Stress.—This is the kind of stress 
that comes on numerous timbers in buildings, such as girders, 
joists, rafters, etc., causing a deflection or bending between 
the points of support. What takes place when these or similar 
members are subjected to bending stress is considered under 
the subject of beams and it is a subject not easy to understand. 


Stiffness.—By definition, stiffness is that quality possessed by 
a beam or other timber of resisting the action of a bending force. 

The action of the bending force tends to change a beam from 
a straight to a curved form. That is a deflection takes place. 
‘When a load is applied the beam originally assumed to be 
straight and horizontal, sags or bends downward between the 
supports. The amount of downward movement measured at a 
point midway between the supports is the amount of deflection. 
The action of beams subjected to bending force is clearly de- 
scribed by Johnson as follows: 


If 100 Ibs. placed in the middle of a stick 2 X 2 ins. and 4 ft. long, sup- 
ported at both ends, bend or “‘deflect’”’ this stick one-eighth of an inch (in 
the middle) then 200 pounds will bend it about one-fourth inch, 300 pound 
three-eighths inch, the deflection varying directly as the load. Soon, bow- 
ever, a point is reached where an additional 100 pounds adds more than 
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ene-eighth inch to the deflection—the limit of elasticity has been reached. 
Taking another piece from the straight grained and perfectly clear plank 
of the same depth and width, but 8 feet long, the load of 100 pounds will 
cause it to bend not only one-eighth inch, but will deflect it by about 
“Ll inch. Doubling the length reduces the stiffness eight-fold. Stiffness 
‘ ¥hen decreases as the cube of the length. 


If AB, in fig. 1,440, be a piece of wood, and d the deflection produced by 
a weight or load, the stiffness of the wood, as usually stated is found by the 
formula 


Fie, 1,440.—Simple beam Joaded at middle and supported at ends, illustrating deflection and 
modulus of elasticity. 


Wood. — Transverse and Thrusting Tests 


. S=  |Thrust- 
2 | Sizes abt. in | Span, |Ultimate] py ing. 
& square, inches.} Stress aBD* Stress 

per sq 


45,856 | 1096] 3586 


to to 

80,520 1403 5438 
37,945 657 2478 
Dantzic fir..........+ b2bel2entonts 144 to to to 


Pitch pine............| 10 | IM/eto 1231/2) 144 


English oak..:.......] 3 41/2 x 12 120 to to to 


American white oak...| 5 41/2 x 12 120 to to to 


Demerara greenheart, 9 tests (thrusting)............... 8169 to 10,785 
Ofegon: pine.'2 testarves... cus sia comic anae eee cateteenstcre ie 5888 andl 7284. 
Honduras mahogany, I test........ Ridin: satel saelere detente ek sible se cake - 6769 
Tobasco mahogany, 1 test............. at herasccsgened ae Ntetsrekinoae ete - 5978 
INODWAY EPIUCE) 2 VESEBs vis. ers ove cle e mieeiere oreo ieee tere 5259 aud 5494 
' American pelon PINES) TEStss 432 Veloso atte eo TONGS IOS, 
Enelish ashy testyy 3. goges Ueki Gees pions cus Stes iey auth otha es MaRS 3025 


Strength of Timbers 583 


os as Sas ed acer 


in which 
E = modulus of elasticity 
W = weight or bending force in lbs. 
1 = length of beam in ft. 
b = breadth and depth of beam in ins. 
d = deflection of beam for load W. 


q 
i 


In the table on page 585 the woods are grouped according to . 
their stiffness. The figures are only rough approximations 
which are based on the data given in Vol. IX of the Tenth 
Census. The first column contains the above modulus, the 


_ SUPPORT SUPPORT 


FREE TO TURN 


Fics. 1,441 and 1,442.—_Beam supported at the ends, showing (in fig. 1,442) how the ends of 
the beam are free to follow any deflection thus offering no resistance rendering the beam less 
stiff than when the ends are jixed, as in figs. 1,443 and 1,444. } 


second shows how many pounds will produce a deflection of 1 
inch in a stick 1 by 1 by 12 inches, assuming that it could 
endure such bending within the limits of elasticity, and the 
third column gives the number of pounds which will bend a 
stick 2 by 2 inches and 10 feet long through 1 inch. 

The stick is assumed to rest on both ends; if it be a cantilever, 
4. e., fastened at one end and loaded at the other, it bears but 
half as much load as its end for the same deflection. From the 
third column it is easy to find how many pounds would bend a- 


: 
} 
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piece of the same kind of other dimensions. A 2 x 4 inch bears 


‘ eight,a 2 x 6 inch, twenty-seven times as much as the 2 X 2 


inch, a piece 8 feet long is about twice as stiff as a 10 foot piece; 
a piece 12 feet long only about three-fifths, 14 feet one third, 
16 feet two-ninths, 18 feet one-sixth, and 20 feet one-eighth as 
stiff. The number of pounds which will bend any piece of sawed 
timber by 1 inch may be found by using the formula: 

4 Ebh® 


Necessary weight = i 


_ beams and 2040 Ib. for the 12-in. beams, and the bo 


CANNOT TURN 


Fics. 1,443 and 1,444.—Beam fixed at the ends. The term fixed means that the ends are 
gripped or embedded in an unyielding substance so that they cannot turn or follow the deflec- 
tion of the beam under load. The beam then deflects in a compound curve adding greatly 
to its stiffmess.. That is, a beam with fixed ends will deflect /ess than one with supported ends. 


where E, is the figure in the first column, and 6, 4,1, the breadth, depth 
and length of the timber in inches. If the deflection is not to exceed 
one-half inch, only one-half this load, and if one-fourth inch, only one-fourth 
this load is permissible: or in general 


4Ebh8 : See ok Fe 
W. .= Ts where d, is the deflection in inches. 


The deepest beams are the strongest, stiffest and most economical.—The strength of 
wooden or steel beam of rectangular cross-section varies as the square of the depth, directly as the breadth ane 
inversely as the length, and vhe stzyfness varies directly as the cube of vhe dep.h, direcily as the breadth and in- 
versely as the cube of its length; hence vhe deeper beam will have the greater strength and suiffness in proportion 
toitssectionalarea. With I beams these relations do not hoid strictly, because of the variation in the forms of 
the cross-sections, but tney are approximately true. It therefore follows that, for any given span, itis more 
economical in floors, where other conditions will permit, to use deep beams spaced farther apart or to use one 
deep beam in place of two shallower beams. Thus if a distributed load of 39 tons is to be supported over & 
span of 16 ft., one 20-in. 65-Ib. beam, two 15-in. 42-Ib. beams, or three 12-in. 40-lb. beams, could be used; but 
the 20-in, beam would weigh only 1105 lb., slowing for 6-in. bearings, as compared with 1428 lb. for the 15-in. 

ts and separators would be saved.— Kidder. ! 
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Table of Stiffness (Modulus of Elasticity) of Dry Wood. 
General Averages—Johnson 


Approximate weight it: 
Ibs. which deflects a 
Modulus piece one inch 
of 
Elasticity 
per sq. in. Piece Piece 
Vex Ke! ern xX 


12” 10” 


Live oak, good tamarack, long leaf, Cuban 
and short leaf pine, good Douglas spruce, 
Western hemlock, yellow and cherry 
birch, hard maple, beech, locust, and the ; 
best of oak and hickory.............. 1,680,000 3,900 62 

Birch, common oak, hickory, white and 
black spruce loblolly and red pine, cy- 
press, best of ash, elm and poplar and j 
DIACKaW Ata ek ons oh 1,400,000 3,200 51 

Maples, cherry, ash, elm, sycamore, sweet 
gum, butternut, poplar, basswood, 
white, sugar and bull pine, cedars, scrub 
pine, hemlock and fir. 5... 00eh so 1,100,000 2,500 40 

Box-elder, horse-chestnut, a number of 
Western soft pines, inferior grades of Be 
MATdLWwOOdS ee ci ybi hel atclake ra 1,000,000 2,300 37 


Cutting out a piece 2 x 4 inches and 4 feet long, placing it flatwise so 
that it is double the width of the former stick, and loading it with 100 
pounds, we find it bending only one-sixteenth inch: doubling the width 
doubles the stiffness. 


Setting the same 2 xX 4 inch piece on ede so that it is 2 inches wide 
and 4 inches deep, the load of 100 pounds bends it only about one sixty- 
fourth inch: doubling the thickness increases the stiffness about aight- 
fold. It follows that if we double the length and wish to retain the same 
stiffness we must also double the thickness of the piece. 


A piece of wood is usually stiffer with the annual rings set vertically thas 
if the rings be placed horizontally to the load. 
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Cross grained and knotty wood, to be sure, is not as stiff as clear lumber; 
a knot on the upper side of a joist, which must resist in compression, is, 
however, not so detrimental as a knot on the lower side, where it is 
in tension. 


Every large timber which comes from the central part of the tree contains 
knots, and much of its wood is cut more or less obliquely across the grain, 
both conditions rendering such material comparatively less stiff than small 
clear pieces. 


The same stick of pine green or wet is only about two thirds as stiff as 
when dry. A heavy piece of long leaf pine is stiffer than a light piece; 


DEFLECTION FIXED ENDS 


STIFFENING 


COUPLE UPWARD THRUST OF 


FIXED SUPPORT 


DEFLECTION SUPPORTED ENDS 


Fic. 1,445.—One end of loaded beam showing stiffening effect of fixed ends as compared with 
supported ejnds. Evidently when the ends are fixed the deflection of the beam will be resisted 
by an upward thrust indicated by the arrow F, and a downward thrust L, forming a resisting 
or stiffening couple which holds the portion of the beam embedded in the bearing in a hori- 
zontal position, causing the beam to deflect in a compound curve which increases its stiffness 
The dotted outline shows the excess deflection for same load were the beam simply supporte 1 


at the ends. : 
er Opie eee 3 ‘ ‘ : 3 

,, heavy, pine in general is stiffer than light pine, but a piece of hickory, 
although heavier than the pine, may not be as stiff as the piece of long 


leaf ei and a good piece of birch exceeds in stiffness any oak of the same 
weight:: \ 


. , Inthe same tree, stiffness varies with the weight, the heavier wood being 
the stiffer; thus the heavier wood of the butt log is stiffer than that of the 
top; timber with much of the heavy summer wood is stiffer than timber of 
the same kind with less summer wood. In old trees (of pine) the center of 

. the,tree and the sap are the least stiff; in thrifty young pine the center is 
the least stiff, but in young second-growth hard woods it is the stiffest. 
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Modulus of Elasticity.—Since it is desirable, and for many 
purposes essential, to know beforehand that a given piece with 
a given load will bend only a given amount, the stiffness of wood 
is usually stated in a uniform manner and under the terms 
“modulus” (measure) of elasticity. . 


BEAMS 


By definition a beam is a long horizontal piece of wood, metal 
or other material, or several such combined for supporting weight 
forming part of the frame of a building or other construction. 


With respect to the manner in which the load is carried, 
the ends of beams are said to be: 


1. Supported. 
2. Fixed. 


It is important to carefully distinguish between these two 
classes, as it makes considerable difference in the strength 
whether a beam is “‘supported at the ends” or “fixed at the 
ends.”’ 


- A beam is said to be 


1. Supported at the ends, when it simply rests on supporting 
surfaces, being free to turn or follow the deflection caused by 
the load. 


2. Fixed at the ends, when held rigid against turning. 
These terms are illustrated in figs. 1,441 to 1,444. 


A fixed beam is stiffer than a supported beam as shown in 
fig. 1,445. 
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Breaking Strength.—It has been found by experiment that a 
piece of wood one inch square supported on bearings one foot 
apart, will break under a certain weight. This weight varies 


stint ani 
il tir Crete ATOLL UTP ART LO 


ul iin 


Fic. 1,446.—Transverse text. The specimen R, called a unit beam of dimensions lin. X lin. X 
1 ft. is placed on two supports M and S, and a load W, applied at the mid-point as shown; 
this is called a “concentrated load,” or “‘loaded at the middle.”” The deflection or amount 
of bending for any load is indicated with precision by the multiplying gear LF. In testing, 
the weight W, is gradually increased and deflections noted till the breaking load is reached, 
the results being tabulated thus: 


Tensile Test 


Specimen: length.......... ins. Cross Section. ) 2. u..s 2. ins. ehapencccemse 
Load 
Contraction 
of area Elastic Tensile 
Total Lbs. per in % limit strength 
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wiit. different woods and with different specimens of the same 
wood. Authorities, however, have agreed to regard the average 
results obtained from a large number of experiments as standard. 

The following table gives the breaking loads for various 
woods for a beam one inch square, loaded in the middle and 
supported at the ends, the span or distance between supports 
being one foot. 


Breaking Loads of Unit Beams 
(unit beam 1 X 1 X 12) 


SPICES it ZUR er eee ae EL OT EA Ee ON ae a8 3,500 lbs. 
Norway red'pine 7.2. 3225 «0. Ab ld Sele AAT EEE OY LE SE 4,000 lbs. 
GSeorgia Ditch) Pinewea a PR a ee cus science ea eaters 5,000 Ibs. 
EVER CT an eee epee Ne Cn ig teint, Fe By cel gages 5,500 Ibs. 


Fic. 1,447.—Beam resting on knife edge supports, illustrating the terms length |, breadth 6 and 
depth d. 


It has been further found by experiments that the strength 
of a beam 

1. Is proportional to its breadth. 

2. Is inversely proportional to its length. 

3. Is proportional to the square of its depth. 

Fig. 1,447 defines the dimensions of a beam giving the usual 
letters used in formule. ‘The following examples illustrate the 
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above three relations for beams supported at the ends and 
loaded at the middle. 


Example.—What is the breaking load of a spruce beam 3 ins. wide, 
1 in. thick and 1 ft. long? 


From tabie, the breaking load of the 1 & 1 X 12 or “unit” beam is 3,500 
lbs. Hence, since the strength ts proportional to the breadth, the breaking 
load of beam in the example = 3 X 3,500 = 10,500 Ibs. 


Example.—What is the breaking load of a spruce beam 1 in. square and 
2 ft. long? 


From table, the figure for spruce is 3,500 lbs. and since the strength is 
inversely proportional to the length, the breaking load of beam in the example 
= 3,500 + 2=1,750lbs. That is, if the length of a beam be doubled, its 
strength is reduced one half. 


Example.—What is the breaking load of a spruce beam where breadth 
= lin., depth = 2 ins., and length = 1 ft.? 


Here it will be seen that increasing the depth will considerably increase ‘ 
the strength. For spruce strength of unit beam = 3,500 Ibs. Since the 
strength is proportional to the square of the aepih, the strength or breaking 
load of beam in the example = 3,500 « 22 = 3,500 X 2 X 2 = 14,000 lbs. 


The relations just stated and illustrated in the examples for 
beams supported at the ends and loaded in the middle may be 
expressed as a formula thus: 


breaking load unit beam x breadth < depth? 


- breaking load = iene 


or using symbols 


in which 


Pcs = concentrated breaking load of given supported beam 
in Ibs., loaded in middle. 

W = breaking load of unit beam in Ibs. 

b = breadth of given beam in ins. 
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BREAKING LOADS 


(various spruce beams) 


Sal UNIT BEAM 


¥ 


4] BREAKING LOAD 
=3,500* 2° =14,000 LBS. 


_——$———————————— 
——————__ spruce t"x2'x12" 


—= 


Fics. 1,448 to 1,451.—Breaking loads of various spruce beams as calculated in the accompany- 
ing examples. A, is the unit beam, (the dimension being 1” <1” X1), the size used in 
testing. B, is equivalent to three unit beams. C, shows the inverse relation between strength 
and length. D, illustrates forcibly the importance of depth © *th respect to strength. 
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d= depth of given beam in ins. 

l = length of beam or span, that is, distance between 

supports in ft. 

In giving the dimensions of a beam, they are given in the 
order breadth, depth, length, the breadth and depth being 
given in inches and length in feet. 

It is important not to confuse the terms breadth and depth, 


BREADTH 


BREADTH 


DEPTH 


Fics. 1,452 and 1,453 —Breadth and depth of a beam. These terms depend upon the Position 
of the beam. In fig. 1,452, the broad side is the breadth of the beam, whereas in fig. 1,453, 
which shows the same beam turned over 90°, the narrow side is the breadth of the beam. 


as it is the position of the beam which determines this as 
shown in figs. 1,452 and 1,453. The application of the for- 
mula just given is illustrated in the example following: 
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Example.—W hat is the breaking load for a 2 X 10 & 16 white oak beam 
loaded at the middle and supported at the ends? 


Substituting in formula (1), the given values b = 2, d = 10, and/ = 16, 
and value from table for breaking load of unit white beam or W = 5,500, 
the breaking load of the given heam or 

ys 2X 10? 
Be 6a 750 
16 

Example.—What would be the strength of the beam in the preceding 
example if it had been laid flat instead of on edge, that is, laid as in fig. 
1,452, instead of as in fig. 1,453? 


Here b=10 and d=2, the other values to be substituted in the formula 
remaining the same. Substituting 


DISTRIBUTED LOAD 


i P aan _— - =_> -_ - 


St J 


Fic. 1,454.—Distriputed load as indicated by the iron balls equally spaced along the beam 
between supports. 


,D 10 x 22 
Pes = ee oe “ us = 13,750 


Evidently by solving equation (1) for P, 6, d, or /, the break- 
ing load, breadth, depth, or length of a beam may be calculated 
when the other values are given. 


Distributed Load.—Instead of placing all the load in the 
middle of a beam, as in the examples just given it may be 
regarded as being distributed, that is, the beam is uniformly 
loaded as in fig. 1,454. It is important to get a correct idea e* 
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what constitutes a distributed load. This is shown in figs. 
1,455 to 1,457. A distributed load is the kind of load usually 
considered in determining tne size of girders, joists, etc., and is 
usually stated in lbs. per sq. ft. of floor surface. 


Example.—A hay bay is 20 ft. wide, 40 ft. long and 12 tt. high. When 
filled with hay what is the load per sq. ft. of floor surface? If the joists be 
spaced 24 ins. on center, what is the distributed load coming on each joist? 


The cubic contents of the bay or volume of hay = 20 x 40 x 12 = 9,600 
cu. ft. At 512 cu. ft. to the ton of hay the bay will hold 9,600 + 512 = 
1834 tons or 37,500 Ibs. of hay. The floor area = 20 X 40 = 800 sq. ft. 
and load per sq. ft. of floor surface = 37,500 + 800 = 47 lbs. per sq. ft. 


Fics. 1.455 to 1,457.—Wrong and right conceptions of a distributed load. The distribution is 
assumed to be uniform as indicated by the iron balls of equal size equally placed as in fig. 
1,457. They, should not be placed so that the first unit of load as ball R, in fig. 1,455 will 
be in the axis of the support as it would not bring any pressure on the beam tending to flex it 
Again if placed tangent to the axes as R, in fig. 1,456, the spacing woud not be uniform. 
Fig. 1,457 shows uniform spacing which is the correct method of distributing the load. 


For 24 ins. spacing of joist, loaded floor area to be supported by each joist 
= 2 < 20 = 40 sq. ft., for which distributed load per joist = 40 * 47 = 
1,880 lbs. 


A beam supported at the ends with a distributed load will carry twice as 
much as when all the load is piaced at the middle. 


Accordingly to find the breaking load when the load is distributed use 
formula (1) and multiply by 2. 


Example.—What is the breaking distributed load for a 2 K 10 X 16 
white oak beam supported at the ends, the strength of the unit white oak 
beam being 5,500 lIbs.? 


Substituting the values in formula and multiplying bv 2 
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a. 


5,900 * 2x 10? 


16 X 2 = 137,500 lbs 


breaking load = 


Safe Load; Factor of Safety.—The loads for beams thus far 
considered are the breaking loads. Evidently it would not do 
to load a beam up to its breaking point, hence in practice, a 
beam is made large enough so that it will require considerably 
more to break it than the maximum load to which it will be 
subjected. This maximum load is known as the sefe load and 
the ratio between the safe load and breaking load is called the 
facior of safety, that is 


factor of safety = breaking load 
\ safe load 


*The safe load tables of Profs. Lanza and Johnson are based on a fac- 
tor of safety of 5 on green beams and of 8 on dry beams, when known to be 
either long leaf or Cuban yellow (‘‘Georgia’’) pine. For white pine, 
cypress and Oregon fir 65% of the load given in the tables are to be taken; 
for short leaf yellow pine, for Norway pine, spruce, oak, elm and ash, 
80%. 


Example.—What is the safe distributed load on a 2 X 10 X 16 white 
oak joist taking factor of safety at 8? 


Wha? 5,000 x 2 x 102 
Breaking: loads “s x 2= Poe ee x 2 = 137,500 lbs. 


safe load 137,500 + 8 = 17,188 lbs. 


Strength of Joists.—The accompanying table has been cal- 
culated from the formula used in modern construction by F. E. 
Kidder and other noted engineers: 


2X breadth x square of depth XA (g) 
length 


*NOTE.—See The Materials of Construction by Johnson, page 681. 


safe load = 


596 Strength of Timbers 


Safe Quiescent Loads 
Uniformly Distributed 
for 


Long Leaf Yellow Pine 


jset on edge and supported at hoth ends. Multiply weight given by exact thickness of joists used, 


S1zE- 1ZE: 
ix4 1x6 1x7 1x8 1x? 1x10 1x12 1x14 1x15. ‘ist 
SareE Loap Pounps-————————Span in ft ———————SaF, Loap Po’ ~ 

$33 1200 1633 2133 2700 6 3333 4800 6533 7500" “8532 
400 900 1225 1600 2025 8 2. 3600 4900 = 6400 
820 720 980 1280 1620 10 2000 28380 3920 4500 5120 
267 600 816 1066 1350 12 1666 2400 3266 3750 4266 
28 514 700 914 1157 14 1428 2056 2800 3214 3656 
213 480 653 853 1080 15 1333 1920 2613 3000 3412 
200 450 612 800 1012 16 1250 1800 2450 2816 3200 
188 423 576 753 953 17 1176 1694 2306 2653 3012 
178 400 544 711 900 18 1111 1600 2177 2500 2844 
60 360 490 640 810 1000 144 1960 2250 2560 
145 327 445 582 736 22 909 1309 1782 ate 2327 
139 313 426 556 704 23 869 1252 1704 9. 2226 
133 300 408 533 675 24 833 1200 1633 1875 2133 
128 288 392 612 648 25 800 1152 1568 1800 aot 

123 277 377 492 623 26 769 1107 1507 1730 196 
119 267 363 474 740 1066 1461 1666 1896 
114 257 350 457 578 28 714 1028 1400 1607 1828 
107 240 326 42 540 30 667 960 1306 1500 1706 
160 225 306 400 506 32 625 900 1225 1406 1600 

476 34 5: 847 1153 1323 1 

355 450 36 555 800 1088 250 1423 

337 426 38 526 757 1031 1184 1347 
320 405 40 500 720 980 1125 1280 


ta"The safo'loads above estimated are for clear pieces and full sizes. On account of scant sizes and more or less de- 
fective stock, an allowance of 20 per cent must be made. For example, the safe load for a 1 x 8-8 is 1600 pounds, and fora 
2.x 8-8twotimesthisor3200 pounds. But forreasons stated 20 per cent must be deducted, reducing the safe load of a 

| 2 x 8-8 to 2560 pounds. 


The safe load for fir is 90 per cent of above long leaf yellow pine; for white oak 75 per cent; for short leaf yellow pine 
\and Norway pine 70 per ceat; hemlock 65 per cent; white pine 60 per cent; spruce 70 pér cent; cast iron 222 per cent; 
wrought iron 666 per cent. and medium steel 888 per cent, 


{. When the load is concentrated midway between the supports, take only halfrof above loads, 


Il. For’ beams fixed at one end the other unSupported and the load uniformly distributed *tako one-fourth of above 
loads; if the load is concentrated on the unsupported edd, then take only one-eighth of above. 


I11/In the above, the safe load includes the weight of the joists, which niust be deduucted to get the net or superimpose@ 
safe load, 


IV. ‘Joists fonger than 12 times their width used without intermediate supports are apt to crack plastered ceilings, 


NOTE.—Nominal and actual sizes of beams. Dressed beams and in many iocalities floor joists 
tarried in stock, are more or less scant of the nominal dimensions and for such beams and joists a reduction in 
the safe load must be made to correspond with the reduction in size, The dressed sizes are generally 34 in. 

cant up to 4 ins, in breadth, above which they are }4 in. scant, while ‘n depth they are all generally in, 
less than the nominal size. The safe loads may be obtained by multiplying the safe loads for the corresponding 
nomjnal sizes by the factors given in the above table. 
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the breadth and depth being taken in inches and the depth in 
feet. 


In the formula, the letter A is a constant and denotes the safe load for a 
unit beam loaded at the middle. This is also !/;g of the allowable fibre stress 
in lbs. per sq. in. The following table gives the values of A obtained by 
dividing by 18, the recommended unit stresses for transverse bending and 
those given in the bg laws of New York, Chicago, Baltimore and 
Boston. 


Values of A 


New York] Chicago | Baltimore 


Yellow pine... 100 


White pine.... 56 
Spruces. -.. 3. 75 


Douglas fir... . 


Example.—In a certain hay bay, the hay load is 37,500 lbs. distributed 
on 21 joists spaced 24 in. centers. Determine if 2 x 10 joists using accom- 
panying table of safe loads for long leaf yellow pine, will carry the load 
(the exact thickness of the joists being 134 ins.). 

Each joist will carry 
1/,, of 37,500 = 1,786 lbs. 

Referring to the table, the safe load fora 1 < 10 X 20 joist is 1,000 lbs. 

This multiplied by 134 ins., the exact thickness of the joists, = 1,750 lbs., 


whereas provision must be made for 1,786 Ibs. Hence, the joists must be 
spaced closer together or larger joists used. 


The above table also shows the most economical sizes of 


joists to use. For instance, the safe load fora 4 x 4 x 16 joist 


*NOTE.—The recommended values of A for wooden beams may be increased from 30 to 


40% for temporary structures and for commercially dry and protected timber, not subject ta 
impact, or for ideal conditions. 


~ 
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Safe Loods for Long Leaf Yellow Pine and Fir Columns Standing 
Plumb, Supported at the Ends Only 


LenctH oF Post, Fezt —SizE or Post~ LENGTH oF Post, FEET. 


poss 
8 10 12 14 16 18 20 22 
‘Pounps: INCHES Pouxnps———————. 
12160 11200 10240 9280 4x4 8320 7360 6400 5440 
18200 16800 15360 12920 4x6 12480 11040 9600 8160 
19500 18760 17559 16500 | 534 diam. round | 15460 14416 13395 12350 
30200 28800 27400 25900 6x6 24500 23040 21600 + 20160 
40300 38400 36560 34600 6x8 32600 30720 28800 26880 
60400 48000 45600 43200 6x10 40800 338400 36000 33600 
38540 37130 35710 34300 | 714 diam. round | 32890 31456 30035 28622 
64000 54400 52500 50600 8x8 48600 46700 44800 42880 
80000 68000 65600 63200 8x10 60800 58400 56000 53600 
96000 81600 78700 76800 8x12 73000 70100 67200 64320 
70900 61970 60190 58350 | 934 diam. round | 56580 54800 53018 51175 
poe 100000 85600 83200 10x10 80800 78400 76000 73600 
20000 120000 102700 99800 10x12 97000 94100 91200 88320 
140000 140000 119800 116500 10x14 113100 109800 106400 103040 
103900 103900 90912 88730 | 1134 diam. round] 86550 160 82290 79972 
144000 144000 144000 123800 12x12 121000 118100 115200 109440 
168000 168000 168000 145500 12x14 141100 137800 134400 127680 
192000 192000 192000 165100 12x16 161300 157400 153600 145920 
#96000 196000 196000 196000 14x14 169100 165800 162400 155800 
256000 256000 256000 256000 16x16 -225300 221400 217600 209900 
324000 324000 324000 324000 18x18 289400 285100 280800 272160 
400000 400000 400000 400000 20x20 400000 356800 352000 342400 


Above are results of full size columns tested at the United States arsenal at Watertown, Mass., by James H. Stanwoa 
who is instructor in civil engineering at Massachusetts Institute of Technology, as quoted by Frank BE. Kidder in hig "Archie 
tect’s Pocket-Book,.”” Above table is based on the following formula: 


length in inches 


Gafe load per square inch of cross section = 1000— QOX\ readth Srinches 


Other woods gave the following, to-wit? 
Short leaf yellow pine! Die 
. length in inches 
afc load per square inch of crosa section = 850— (8.5% pSeadth in inches” 


Ouk and Norway pine: 
Gafe load per squere inch of cross section =750— (7.8 length iminenes 


breadth in inches 


White pine and spruce: 
length in inches 


Bafe load per square inch of crdss section =625-—(6X>- oath Dinghies 


For the breadth use shortest side, , ¢., in 4.x 6 the breadth is 4inches, The rasults frota above equations multiplied 
by area of cross section give the safe load in pounds. 


NOTE,.—Structure an appearance of wood.—The structure of wood aff 
means of distinguishing tue Bittorent kinds. Color, weight, smell, and 6 bao Re aoa ete bie 
are often direct or indirect results of structure, may be helpful in this distinction, but cannot be relied 
upon entirely. In addition, structure underlies nearly all the technical Properties of this important 
roduct and furnishes an explanation why one piece difers as to these Properties from another. Struc- 
ure explains why oak is heavier, stronger, and tougher than pine; why it is harder to saw and plane 
and why it is so much more diNcult to season without injury. From its less porous structure alone, 
% 1s evident that a piece of a young and thrifty oak isstronger than the porous wood of an old or stunted 
tree; or that Georgia or long leaf pine excels white pine fa weight and strength. Keeping especially 
an mind the arrangement and direction of the fibres of wood, it is clear at once why knots and ‘‘cross- 
rains interfere with the strength of timber. It is due to structural peculiarities that ‘“‘Shoneycomb- 
g occurs in rapid seasoning, that “‘checks’’ or cracks extend radially and follow pith rays, that 
sangent or ‘‘bastard’’ boards shrink and warp more than quartered lumber. These same peculiari- 
tles enable cherry and oak to take a better finish than basswood or coarse tained pine. Moreover 
structure, aided by color, determines the beauty of wo0d. All the Pleasing figures, whether in a hard- 
pine ceiling, a desk of quartered oak, or in the beautiful panels of “curly” or “oirds eye" maple decor- 
ating the saloon of a ship or a palace car, are due to diXerences in the structure of the wood. Know- 
ing this, the appearance of any particular section can be foretold, and almost unlimited choice and 
combination are thereby suggested. Thus a knowledge of structure not only enables us to distin- 
“ieee ue rea ad TATA DIS AA tHe ee eee and ex ee the causes of their beauty, but ft 
e tho ‘ul worker 
@ wore perfect use of his material aJonnton. rTneng Hike Wa mere, gaketml Releotion aad 
| 
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2. When the load is concentrated Spas between supports, take only 
half the given loads. 


3. For beams fixed at one end, unsupported at the other, and having a 
distributed load, take one fourth the given loads; if the load be concen- 
trated on the unsupported end, take only one eighth of the given loads. 


4. The safe load includes the weight of the joist which must be deducted 
from the given load to get the net load. 


5. Joists longer than 12 limes their width used without intermediate sup- 
ports are apt to crack plastered ceilings. 


6. The table loads are for clear pieces and full sizes. On account of 
scant sizes and more or less defective stock, an allowance of 20% must be 
made. 


Wo! 


Hn 


ee 


\ at 
ES anteve = AS STRONG 


AS ASIMPLE 
BEAM SUPPORT- 
EDAT THE ENDS 
AND LOADED IN 
THE MIDDLE. 


Fic. 1,469.—Simple cantilever beam or beam fixed at one.end and supported at the other 
with concentrated load. It is 4 as strong as a simple beam supported at the ends and loaded 
at the middle. A familiar example of the cantilever beam is on barn forming a projecting 
support for a hoisting tackle for hoisting hay into the loft. 


7. The safe load for fir is 90% of the table load; for white oak, 75%; 
for short leaf yellow pine and Norway vine, 70%; hemlock, 65%; white 
pine, 60%; spruce 70%; cast iron, 222%, wrought iron 666%; medium 
steel, 888%. 


Cantilever Beams.—By definition a cantilever beam is @ 
‘Seam having one end fixed as in a wall and the other end free. 
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The load may be either concentrated at the free end, as for 
instance, when a pulley is attached at that point for hoisting, or 
distributed, as for instance in a projecting loft loaded with goods 
and supported by cantilever beams. In this instance the canti- 
lever beams may be extensions of simple beams beyond one of 
the supports. Such beams are virtually fixed as though cut off 
and the ends embedded in an unyielding substance. 

Cantilever beams are frequently used for projecting galleries 
- and projecting upper portions of buildings. They may be either: 


ASA SIMPLE 


AS STRONG 
BEAM SUPPORT 


ED AT THE 


ENDS AND 
LOADED IN 
THE MIDDLE 


Fic. 1,470 —Simple cantilever beam with distributed load. It is % as strong as a simple 
beam supported at the ends and loaded at the middle. 


=CA 


—— 
— 


1. Simple (not reinforced) or 

2. Braced. 

It has been found by experiment that the strength of a canti- 
lever beam is \4 that of a simple beam supported at both ends. 
Hence to find the breaking load divide the breaking load of a 
simple beam of same span and cross section by 4. 

Expressed as a formula, the breaking load of a cantilever 
beam loaded at the free end or 


Poicsata Or 
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in which the sub letters placed after P indicate cantilever beam 
and concentrated load, the other letters in the formula being the 
same as in formula (1) on page 590. 


Example.—What is the breaking load of a white oak 4 < 4 & 5 canti. 
lever beam with load concentrated at the end? What is the safe load with a 
factor of safety of 8? 


Referring to the table on page 589, the breaking load for a unit white oak 
beam is 5,500 lbs. Substituting this value for W, andb = 4,d=4,1=5 
from the example in formula (2) 

5,500 xX 4 x 42 


Pec = 4 of 5 


= 17,600 lbs. 


With a factor of safety of 8, 
safe load = 14 of 17,600 = 2,200 lbs. 


If the load be distributed instead of concentrated the beam wilt 
carry twice the load. 


That is, in the example just given, the breaking load would be 
17,600 « 2 = 35,200 lbs. 


Now since a cantilever beam has 14 the strength of a simple 
beam with the same kind of load, it follows that the cantilever 
with distributed load has half the strength of the simple beam 
loaded in the middle. Expressed as a formula, the breaking 
distributed load of a cantilever beam, or 


in which the sub letters placed after P indicate cantilever beam, 
and distributed load, the other letters having the same meaning 
as in formula (1) page 589. 


Example.—A gallery 6 X 20 must carry a distributed load of 150 lbs, 
_ per sq. ft. and is to be supported by white oak cantilever beams spaced 
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RELATIVE 
STRENGTH 


FORMULA 
BREAKING LOAD 
p..= Whd? 

cs iy SUPPORTED AT ENDS 
LOADED AT MIDDLE 


i aa aa Ga Ga a a an aan 
en nwnr~AAnAn TFT ey 
SSeS = 


S— BS es oe 
SUPPORTED AT ENDS 
DISTRIBUTED LOAD 


2 
PassPx Wha 


FIXED AT ENDS 
LOADED AT MIDDLE 


“Te 
NW FIXED AT ENDS 


DISTRIBUTED LOAD 


a RCICEN Tah SPT 
Da Die Jn. De: Dn. 
= ' | 


== =GAN TU LEVER === 
DISTRIBUTED LOAD 
‘fics. 1,471 to 1,476.—Comparison of various beams. The load is the same in each case, the 


relative strength when loaded in the middle and when the load is concentrated being given 
for each type of beam. 


Strength of Timbers 605 


24 ins. centers. Determine the size of the beams (neglecting the weight of 
the structure). 


Area floor surface = 6 X 20 = 120 sq. ft. 
Loaded floor surface to be supported per beam = 2 X 6 = 12 sq. ft. 
Distributed load per beam = 12 X 150 = 1,800 lbs. 


Equivalent load for simple beam referred to table on page 596 (see ztem 3 
of instructions for using this table) = 1,800 x 4 = 7,200 lbs. 


According to item 6 (see page 601) 20% allowance must be made for 
defects in timber and scant size, and also, from ztem 7, the strength of white 
oak is 25% less than the long leaf yellow pine, hence a total allowance of 
20 + 25 = 45% must be made. That is, increase the load of 7,200 lbs. 
calculated per beam 45%, giving equivalent table load of 


7,200 X 1.45 = 10,440 Ibs. 


Referring to the table, look along the horizontal line for 6 ft. span and 
find sizes of joists to select from, ‘hus 


Depth of Table Load per Required 
beam load inch breadth breadth 
10 10,444 + Sipe eorss =e Poo Mnse 

12 10,444 + 4,800 = _ 2.15 ins. 

8 10,444. + Oise aa A OR aTnGs 


These values for required breadth of course do not represent 
stock sizes. And in general the practice is to take the “‘nearest 
larger regular size.” 


In some cases, however, where the calculated value comes very near a 
regular size the next smaller regular size may be taken. For instance with 
selected timber 2 X 12 beams would answer. Again, for exposed construc- 
tion where appearance is to be considered, special finished 5 & 8 beams 
may be used. In selecting a size it should be noted that the greater the 
depth of beam compared with breadth the less feet board measure of lumber 
are required. 


In the absence of the special table on page 596, the dimen 
sions of beams may be calculated by solving the given formule 
for the desired urknown quantities and substituting the given 
data. An example of cantilever beam will suffice to illustrate 


» 
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the process, similar calculation being made for the other beams 
using the proper formula in each case. 
Example.—Determine the size of spruce beams to support the gallery 


under the conditions given in the preceding example, with factor of safety 
of 18, allowing 20% for imperfect stock. 


The distributed load per beam was found to be 1,800 Ibs. and the breaking 
load for factor of safety of 18 is 


1,800 K 18 = 32,400 
allowing 20% for defective stock, the load must be increased to 
32,400 < 1.2 = 38,880 


RESULTANT LOAD 
PERPENDICULAR 
TO ROOF 


fics. 1,477 and 1,479.—Diagrams illustrating graphical methods of finding resultant loa@ 
perpendicular to roof due to wind and snow loads. 


In formula (8) page 589, solve the equation for one of the unknown 
beam dimensions and assume a trial value for the other, solving for 
rather than d, to avoid extracting the square root. Solving for b, the 
equation becomes 


Now, in table on page 589, the value for a spruce unit beam is W = 3,500 
Ibs. The given quantities are / = 6, Pca = 38,880. Assume a depth of 
beam or d = 10 ins. and substituting in (4) 


2X 6 X 38,880 : 
3 “500 x 102 = 1.33, say 14 in. 
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CHAPTER 29 


Practical Drawing 


By definition the term mechanical drawing means drawing 
executed mechanically by aid of drawing instruments as distin- 
guished from that executed by the unguided hand. Accordingly 
the first thing to consider is the drawing instruments, and 
secondly, how to use them. 


Drawing Instruments.—A good draughtsman should have 
good instruments; in fact the best are none too good and are 
easily rendered unfit for use unless they be properly handled. 
The advice given by some instructors for beginners to buy a 
cheap set of instruments for use until he find out if he be gifted 
in the art of draughting, is rather questionable, for if an 
experienced draughtsman cannot do good work with poor in- 
struments, how then can a beginner be expected to accomplish 
anything, or determine if he have any talent for drawing? 


There are two general classes of drawing instruments, those 
of circular cross section friction joints of Riefler pattern, and 
those of angular cross section with set screw joints. The author 
very strongly recommends the purchase of the circular pattern 
instruments, as they are superior in every way to the other 


type. 


The following is a list comprising everything needed for general draught- f 
ing work: , 
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1 drawing board 1 bottle of drawing ink 


1 set of instruments 1 box of thumb tacks (small) 

1 tee square 1 ink and pencil eraser. 

2 triangles, 30° and 45° 1 sponge eraser 

1 drawing scales 1 pen holder and lettering pens’ 
2 pencils 3H and 6H 1 irregular curve 


1 protractor 


In some cases involving enlarging or reducing the size of drawings propor: 
tional dividers are necessary. 


Drawing board.—The size of the board should be about 2 ins. 


Fic. 1,480.—Dietzgen white pine drawing board with dovetailed hardwood cleats or “‘ledges.” 

' This construction permits expansion and contraction. The dovetail grooves are sunk in 
34 the thickness of the board, thus securing a firm grip on the narrow wooden strips. Stand- 
ard sizes: 31 X 43; 37 X 55; 43 X 61; 49 X 73; 49 X 85 ins. 


longer and 2 ins. wider than the size of paper to be used. The 
board should be made of well seasoned, straight grained pine, 
free from all knots; the grain should run lengthwise of the board. 

The edges of the board should be square to each other and 
perfectly smooth in order to provide a good working edge for 
the head of the tee square to slide against. 

__A pair of hard wood cleats is screwed or dove tailed to the 
back of the board. The board should be about three-quarter 
inch in thickness. The cleats, fitted at the back of the board. 
at right angles to its longest side, may be about two inches wide 

_ and one inch thick. Such cleats will keep the board from warp- 

\ng through changes of temperature and moisture. 
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Fig. 1,480 shows a board of this type bottom side up. Another method 
of preventing warping is by two transverse end pieces into which the 
several pieces forming the board proper are secured by tongue and groove 


Fic. 1,481.—Dietzgen white pine drawing board with tongue and groove end ledges. This 
board has two drawing surfaces. Standard sizes: 12 X 7; 16 XK 22; 20:241%; 20 X 26; 
23 X 31; 31 & 43ins. A good size for the beginner and for ordinary use is the 16 X 22 i an 
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fic. 1,482.—Dietzgen Eureka adjustable drawing table. Hardwovd frame, iron legs, pine wo «# 
board having hardwood ledges. Height adjustment 32 to 40 ins. The wheel clamp at rignt 
locks table when tilled to any desired angle. 
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joints as shown in fig. 1,481. The standard dimensions given in figs. 1,480 
and 1,481 will indicate the ordinary sizes as regularly manufactured. 


The paper is fastened to the board usually and most con- 
veniently by thumb tacks. Under no circumstances should the 
large size tacks be used—get the smallest and thus increase the 
life of the board, as no board can be expected to remain in con- 
dition if jumbo tacks or railroad spikes be used to fasten down 
the paper. : 


DIETZCEN 


Fic. 1,483.—Dietzgen Riefler pattern or cylindrical set of drawing instruments, comprising: 
54 in. compass with detachable needle and pencil points; 5in. hair spring dividers; 5% and4% 
in. ruling pens; extension rod; 3 spring bows, pencil, pen, and point; box of leads; key. The 
extra or small size ruling pen is not necessary but can be used to advantage in some instances. 


The board is sometimes mounted on legs and arranged to fold up when 
not in use, such device being called a drawing table. There are numerous 
kinds of these tables on the market. Most of these are too rickety to be 


satisfactory. Fig. 1,482 shows a rigid design of board having adjustments 
for height and inclination of board. 


“Set” of Instruments.—Drawing instruments usually come 
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in sets, that is, several instruments in a case. For beginners, 
and for general use, a set containing the following instruments 
is all that is necessary. 


1 compass 1 extension bar 
1 hair spring dividers 1 ruling pen 
3 spring bows (pencil, pen and points) 


Fig. 1,483, shows a set comprising the above instruments of the Riefler 
pattern with exception that set contains an extra ruling pen. 


Compasses.—This instrument is for describing arcs or circles 


Fic. 1,484.—Set of angular pattern instruments shown to illustrate difference between these 
and the Riefler pattern or cylindrical instruments recommended by the author. In above 
figure note the set screws at joints and the shape of the instruments. 


with either pencil orink. It consists of two legs pivoted together 
so that they may be set to any desired radius. One leg carries 
an adjustable “needle point’ or center, and the other has a 
joint in which may be secured the pencil or pen arms. Each 
leg has a pivoted joint permitting adjustment of the ends, so 
that the end arms which carry the center needle point and pen 
or pencil may be adjusted perpendicular to the paper for various 
radii. Figs. 1,485 to 1,487 show six inch compasses with pencil 
and pen arms and extension bar. The important requirement 
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of good compasses is that the legs may be moved to any radius 
without any spring back; cheap instruments always spring back 
making it difficult to set them with precision. Figs. 1,488 to 
1,493 show some construction details of compasses and dividers. 


Hair Spring Dividers.—Compasses and dividers are very 
much alike but each has its special use. 

Dividers consist of two legs pivoted at one end and provided 
with sharp needle points at the other, for use in spacing off dis- 
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Frc. 1,485 to 1,487.—Compasses with pencil and pen arms and extension bar. Fig. 1,485, pen 
arm; fig. 1,186, extension bar; fig. 1,487 compasses with pencil arm clamped to leg. 


tances, as shown in fig. 1,494. For precision, they are fitted 
with a “hair spring’”’ device, consisting of an adjustable screw 
controlled by. a steel spring in one leg, as shown in fig. 1,495. 
in operation the legs are set to the approximate desired: posi- 
tion and brought to the exact position by turning the adjusting 
screw. 


Spring Bows.—These small compasses and dividers made 
with two spring legs whose distance apart is regulated by a small 
through bolt and thumb screw. They usually come in sets of 
three: pen bow, pencil bow and dividers, as shown in figs. 
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1,496 to 1,498. Fig. 1,497 is the pencil bow shown without the 
lead. Spring bows are used for describing circles of small 
diameter, and for minute spacing. 


Extension Bar.—In order to extend the range of compasses 
a lengthening or extension bar, as shown in fig. 1,486, is gen- 
erally provided which greatly increases the diameters of circles 
which may be described. 


Fic. 1,488 and 1,489.—Main pivot as constructed for compasses and dividers. FF, on the 
pivot forks. The bolt AB, goes entirely through the legs and bolts the forks together. The 
conical parts of A and B, form the pivot joints which are securely held by lock nutsCC. E, 
is a steel disc which acts as an anti-friction bearing for the heads of the legs X, and Y. To 
apply tension in adjusting, loosen only one of the lock nuts CC. 


’ Fics. 1,490.—Screw thread needle point. In construction, the portion A, is threaded to the 
extremity of the arm. The portion B, is knurled to be more-easily turned with the fingers. 


The thumb screw C, clamps the needle point rigidly. 


Fics. 1,491 and 1,492.—-Clamping device. JInoperation by a turnof the key A, the screw 
S, is pressed down on pin P, which is fastened to the small plate P. The plate P, rests on the 
top of the legs of the compasses or dividers and when pressed down by turning the screw S, 
holds the legs firmly in the desired position. The device is useful when spacing or using the 
same opening of compasses or dividers repeatedly. 


Fic. 1,493.—Shank and clamp socket. In the round furm, the feathered shanks fit into side 
clamping spring sockets. By this construction the interchangeable parts of the compasses 
are firmly locked twice. First, by the steel feather of the shank, and secondly, by the 
clamping sockets being drawn together with the screw. 
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Drawing or Ruling Pens.—A special pen is used for drawing 
lines, as shown in figs. 1,499 and 1,500. The points are made 


Fics. 1,494 and 1,495.—Plain and hair spring dividers. Note the sharp pointed legs, and the 
adjusting screw of the hair spring in. 


Fics. 1,496 to 1,498.—Spring bows; fig. 1,496, bow pen; fig. 1,497, bow pencil (shown withoue 
lead); fix, 1.498, bow dividers. 


en 
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of two stee! blades which open and close as required for thick- 
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ness of lines by a regulating screw. 


A good drawing pen should be made of properly tempered 
steel, neither too soft nor hardened to brittleness. The nibs 
should be accurately set, both of the same length, and both 
equally firm when in contact with the drawing paper. The 
points should be so shaped that they are fine enough to admit 
of absolute control of the contact of the pen in starting and 
ending lines, but otherwise as broad and rounded as possible, 
in order to hold a convenient quantity of ink without dropping 
it. The lower (under) blade should be 
ATT Il} sufficiently firm to prevent the closing of 
FA | 51 Il the blades of the pen, when 
using the pen against a 
straight edge. 


es "| 


Fic. 1,499. — Dietzgen reservoir 
ruling pen. 
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Fics. 1,500 and 1,501.—Dietzgen 
fountain ruling pen. In fig. 1,501, 
A is the metal top; B, the air 
escape; C, the cap; D, the pen 
socket; E, the plunger; F, the ink 
tube; G, the packing nut; H, the 
cap tension. The barrel is filled 
by unscrewing the metal top and 
dropping the ink into the barrel 
by means of an ink dropper 
which is furnished with each 
instrument. The ink is conveyed 
to the pen point by engaging the 
stud on the metal top in the 
longest slot in the cap and press- 
ing the cap gently with the thumb 
or the forefinger. The intermedi- 
ate slot is used when less ink is 
desired, and when the pen is not 
in use the stud is engaged in the 
smallest slot, thus preventing the 
cap being pressed down acciden- 
tally. 


Fics. 1,502 and 1,503. -— Side 
views of ordinary ruling pen 
spring blade, polished ebony 
handle- 
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The spring of the pen, which separates the two blades, should be strong 
enough to hold the upper blade in its position, but not so strong that it 
would interfere with easy adjustment by the thumb screw. The thread of 
the thumb screw must be deeply and evenly cut so as not to strip. Figs. 
1,499 and 1,500 are side and end views of an ordinary ruling pen. | 


Tee Square.—This instrument is used for drawing lines par- 
allel to the lower edge of the board, and consists of two parts, the 
head and the blade, these being fastened at 90° to each other 


Fic. 1,504.—Dietzgen fixed head T square; ash, maple lined, black walnut head. 


Fic. 1,505.—Dietzgen movable head T square; ash, maple lined blade, black walnut. This 
type of square has a fixed head on one side and movable head on the other. The movable 


head is pivoted so that it may be shifted to any angle with the blade, a clamp screw being 
provided to lock the head in any position. 


Practical Drawing 617 


as shown in fig. 1,504. This is the fixed head type of square. 
The square is sometimes fitted also with a movable head as 
shown in fig. 1,505, permitting drawing line inclined to the 
edge of the board. Fig. 1,506 shows the two types of square in 
position on the board. 
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Fic. 1,506.—Fixed and movable head T squares in position on board showing horizontal lines“ 
Eee be drawn with the fixed head square M, and inclined lines with movable head square 
Triangles.—For drawing other than horizontal lines, “‘tri- 
angles” are generally used. It is inadvisable to buy cheap wood- 

en triangles, as they soon warp out of true; getonly the best made | 
of transparent ambro. Two triangles will be ordinarily required 
_—the 45° and the 30°. as shown in figs. 1,507 and 1,508. The first 
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one has two sides at right angles and the third at 45°; the second 
two sides at right angles and the third making a 30° angle with 
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one side and 60° with the other. By placing these triangles on 
the T square as in fig. 1,509, vertical, or inclined lines may be 
drawn. 


Rule and Scales.—The rule is used for measuring and com- 
paring dimensions the same as the ordinary carpenter’s 2 ft. 
folding rule. For the drawing board however it is an instrument 


es 
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Fics. 1,510 and 1,511.—Flat and triangular draughtsmans’ box wood scales. An explanation 
of the 1 in. and 1% in. scales will suffice for all. Where it is used as a scale of 1” tc o1e foot, 
each large space, as from 0 to 12 or 0 to 1, represents a foot, and is a foot at that scale. here 
being 12” in one foot, the twelve long divisions at the left represent inches; each inch is 
divided into two equal parts, so from 0 to one division at the left of 9is914” andsoon. The 
1” and 14” scales being at opposite ends of the same edge, it is obvious that one foot on the 1” 
scale is equal to two feet on the 14” scale, and conversely, one foot on the 14” scale is equal 
to six inches on the 1” scale; and 1” being equal to one foot, the total feet in length of scala 
will be 12; at 14” to 1 foot the total feet will be 24. 


of greater precision being usually 10 or 12 ins. long and divided 
into 32nds. The face is beveled to an edge so that the division 
lines will. lie very close to the drawing paper, thus permitting 
listances to be marked off accurately. 


When drawings are made the same size as the object that is ‘‘full size,” a 
rule of the above description answers the purpose, however, when drawings 
are to be made smaller or larger than the actual size of the object to be 
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drawn, scales are employed. For architectural drawing the various scales 
are divided into feet and inches with sub-divisions. The most convenient 
forms are the usual flat or triangular box wood scales as shown in figs. 1,510 
and 1,511. 


The triangular scale is the one generally used as it contains 
six different scales as shown. The usual scales are: 


3. ins. = 1 ft. = Veit ere 
1% ins. = : on | een tse) ft: 
1 in. = ; Voi =Flse 


Fic. 1,512.—Dietzgen’s India ink. 


the scales being usually designated by the length. of the foot 
division as for instance the 114 or 34 in. scale.- On each scale, 
as can be seen, the first foot is divided into inches, and where 
the scale is large enough, into fractions of an inch. : 


Drawing Ink.—India ink, and not ordinary ink is used. It 
can be obtained either in the dry (stick) or liquid: form, 
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Although the dry ink is considered the best, it is not generally 
used because of the time and skill required in mixing. The 
liquid India ink comes in small bottles having a quill attached 
to the cork, by means of which the pen is easily filled. Fig. 
1,512 shows the type bottle used, and a brand that can be recom: 
mended. It can be had waterproof. 


Pencils.—Drawings are generally made “‘in pencil’’ and then 


Fics. 1,513 w 1,517.—Chinese or India inks. Fig. 1,513 oval black; figs. 1,514 and 1,515, 
square black; fig. 1,516, oblong gilt; fig. 1,517 oblong black. 
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“inked in.”’ These are made in various degrees of “‘hardness,” 
the hardest being designated 9H. The choice as to hardness 
depends upon the kind of drawing and precision. For ordinary 
work, as in laying out house frames on a large scale, a 3 or 4K 
would do. However, in drawing a roof stress diagram on. say, 
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Fic. 1,518.—Dixon’s “Excello” drawing pencil. Note that the four H hardness is expressed 
“HHHH’ ”* On some pencils it would be expressed as “4H.” 


a scale of 1’” = 2,000 lbs., a pencil no softer than 6H should 
be used, because a sharp point could not be maintained with 
a soft pencil, and precision could not be expected with a pencil 
having “an acre of lead’ on its point. 

Pencils are generally sharpened to a conical point, as in fig. 
1,519, but some sharpen them so the lead is wedge-shape as 
in figs. 1,520 and 1,521. 


Fics. 1, 520 and 1,521.—End and side views of drawing pencil with lead sharpened cwedge 
shape.” 
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Thumb Tacks.—As stated elsewhere, don’t expect to get 
Jong service from a drawing board if “spikes’’ be used for holding 
down the paper. Thumb tacks are so called because they have a 
large head so that they may be easily pressed into the board by 
the thumb. Use the smallest tack that will hold the paper on 
the board; this will depend somewhat upon the size of the paper, 
its weight, backing, etc. 


Fic. 1,522.—How to sharpen a pencil. Hold the pencil firmly in the left hand, as in the draw: 
ing, allowing about an inch to project beyond the fingers, and turn it gradually as the knife’ 
removes the wood. The knife should be held so that the blade alone projects beyond the 
fingers, and the part of it nearest the handle used for cutting. The pencil should be placed 
against the inside of the thumb of the right hand, as shown, and the wood removed by slight 
shaving. The lead should not be cut at the same time as the wood, but rested on the thumb 
and pared gently afterwards; by attention to these directions the pencil will be economized. 


Fics. 1,523 to 1,525.—Steel stamped thumb tacks. They come in cardboard boxes of 100. 


Peart Ty 


¥1cs. 1,526 to 1.537.—_Gem union (solid head) thumb tacks. 
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The cheap steel stamped thumb.tacks as shown in figs. 1,523 to 1,525 are 
preferable to the more expensive solid tacks shown in figs. 1.526 to 1,537. 
For large tacks they are conveniently removed with a tack lifter as in fig. 
1,538, but this is not necessary with the small tacks as they are easily 
removed by aid of the finger nail. 


Fig. 1,538.—Tack lifter. Made of metal, nickel-plated. Very convenient for pushing in or fo 
extracting tacks from drawing boards, without injuring the points. The handle can be used 
as a paper cutter, and is also servieable for pressing down the edges when stretching paper 
or for removing sheets which have been gummed to the board. 


Fic. 1,540.—Circular form of rubber ink eraser. 


Erasers.—There should be three kinds of erasers included in | 
the drawing outfit: 
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1. Pencil 
2. Ink 
3. Sponge 


For erasing any portion of a line in pencil, a piece of prepared 
white vulcanized rubber is the best, small in size and of rectan- 
gular shape, as in fig. 1,539. 


#1c. 1,541.—Steel ink eraser. 


An ink eraser is made of a composition of rubber and ground glass, and 
it should be used as sparingly as possible on drawings, as it roughens the 
paper and removes the gloss from its surface. Fig. 1,540 shows an ink 
eraser. Steel ink erasers, as shown in fig. 1,541, are useful in removing 
defects, overrun lines, joint of lines if swollen, etc.; they have a fine point 
and can be used to advantage with a little practice; they are used witha 
scratching, not a cutting, motion. 


Fic. 1,542.—Sponge rubber, made of soft cellular rubber. Ordinary sizes1.x 1 * lto4 \2 xX 
1 ins. 


After a drawing has been made in pencil and inked in it is in a more or 
less soiled condition. By means of a so called ‘‘sponge’’ rubber as shown in 
fig. 1,542, which is very soft, friable and entirely free of grit, the drawing 
may be cleaned of dirt and projecting pencil lines without disturbing the 
inked lines or marring the surface of the paper. 


Lettering Pens.—Nearly all lettering is executed by a pen 
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similar to a common writing pen, but having a fine or wide 
point. The width of the point depends upon the desired thick- 
ness of the letters. The pen must at all times be kept clean as 
otherwise no clean cut line can be obtained. Figs. 1,543 to 
1,550 show usual styles of pen used for lettering. 
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Fics. 1,543 to 1,550.—Various lettering pens. 


Fics. 1,551 to 1,554.—Various irregular curves (sometimes called eweepey They are useful 
when elliptical or parabolic curves are to be described. 
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Irregular Curves.—For describing curves other than circles, 
special cut forms called irregular curves are used to guide the 
pen. These may be obtained in great variety. 


A set of two or three will be found frequently useful; several 
forms of these curves are shown in figs. 1,551 to 1,554. 


Protractor.—This instrument is for laying off or measuring 
angles. Fig. 1,555 shows the ordinary form of protractor. 


Its outer edge, as shown in the illustration, is a semi-circle 
with center at O, and for convenience is divided into 180 equal 


parts or degrees from M to §S, and in reverse direction from L 
to F. 


Protractors are often made of metal in which case the cen- 
tral part is cut away to allow the drawing under it to be seen. 


A fine precision protractor is shown in fig. 1,556. 
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How to Draw 


Preparing for Work.—The paper is first secured to the draw- 
ing board by means of thumb tacks, one at each corner of the 
sheet. It should be stretched flat and smooth; to obtain this 
result proceed as follows: press a thumb tack through one of 
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FIVE MINUTES 


Fic. 1,556.——Dietzgen steel protractor. Blade 81 ins. long and graduations reading to degrees, 
with vernier reading to 5 minutes. There are no projections on either face, and therefore it 
can be used on either edge of the blade or with either side up. This is an advantage when 
dividing circles, transferring angles, drawing oblique lines at right angles to each other, or 
laying off given angles each side of a vertical or a horizontal line without changing the seiting. 


the corners about 1% inch or 14 inch from the edge. Place the 
tee square in position as in drawing a horizontal line, and 
straighten the paper so that its upper edge will be parallel to the 
edge of the tee square blade. Pull the corner diagonally oppo- 
site that in which the thumb tack was placed, so as to stretch 
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the paper slightly and push in another thumb tack. Proceed in 
the same manner for the remaining two corners. 


Another method consists in stretching the paper while it is damp. For 
stretching the paper in this way moisten the whole sheet on the under side, 
with the exception of a margin ali around the sheet, of about half an inch 
and paste the dry border to the drawing board. Todo this properly requires 
a certain amount of skill. The paper thus stretched gives undoubtedly a 
smoother surface than can be obtained when using thumb tacks, but there 
are objections to this process as the paper stretched in this way is under a 
certain strain and may have some effect on the various dimensions of the 
drawing when cut off the board. 
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Fic. 1,557.—Parallel horizontal lines. These lines as MS, LF, are drawn by moving the pencil 
in the direction of the arrow, guided by the edge of the T square. 


Straight Lines.—To draw a straight line use is made of the 
T square, or triangle, or both, depending upon the direction of 
the line. Horizontal lines are drawn by aid of the T square 
as in fig. 1,557 and sometimes vertical lines by applying the 
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head of the square to the lower or horizontal edge of the board, 
as in fig. 1,558. 


The usual method of drawing vertical lines is by aid of both the T square 
and one of the triangles as shown in fig. 1,561. Here one of the “legs” of 
the triangle is used to guide the pencil. By using the hypothenuse of the 
45° triangle, oblique parallel lines may be drawn as in fig. 1,560, and by 
using the hypothenuse of the 30° triangle, oblique lines may be drawn at 
30° or 60° as in fig. 1,559 and 1,562. 


Fic. 1,558.— Parallel vertical lines with T square only. These lines as MS, LF, are draw: 


similarly as in fig. 1,557, but with the head of the T square in contact with the lower edge of 
the board. 


By a combination of both triangles as in fig. 1,563, various other angles, 
such as 15°, 75°, 135°, may be obtained. Sometimes it is desired to draw a 
line parallel to another line which is not inclined at any of the angles 
obtained with the triangles. This is done by placing the edge of one triangle 
parallel with the given line and sliding it on the other triangle as in fig. 1,564. 
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Fic. gone .-—Paralle Lys obli shes totes with T sauare and 30° triangle, MS; 
s M’S’, left hand lin 


LF, right hand lin 


Fic. 1,560.—Paraliel 45° oblique lines with T square and triangle MS, LF, 
right hand lines M’S’, L’F’, left hand lines. 
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In drawing a line it is important that the pencil be held correctly. Figs. 
1,565 to 1,567 show the wrong ways and correct way to hold the pen. 
It should not be inclined laterally, but in drawing a line (with either pencil 
or pen) it should be held with its axis in a plane perpendicular to the plane 
of the paper, slightly inclined in the direction in which it is being moved. 
If held as in fig. 1,565, the inclination is likely to vary resulting in a wavy 
line; if held as in fig. 1,566, a reference point R, through which the line is 
to be drawn, may not be visible or only partialiv visible. When held for a 
Note here the right and wrong way to arrange the triangles. Always so 
place the triangles that the desired point may be reached without too much 
shifting. 


Fic. 1,561.—Parallel vertical lines with T square and triangle. The triangle in contact with 
the T square is shifted to any position at which it is desired to draw a vertical line. 


perpendicular plane, as in fig. 1,567, the line comes very close to the lower 
edge, the reference point R, can be plainly seen, and there is least chance of 
drawing a wavy line. 


In drawing lines with a pencil sharpened to a conical point the pencil 
should be given a slight twisting motion while the line is being drawn, as 
this tends to keep the point sharp. 
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Fic. 1,562.—Parallel 30° oblique lines with T square and “30” triangle. 
MS, LF, right hand lines; M/’S’, L’F’, left hand lines. 


Fre. 1,563.—15°, 75° and 135° oblique lines with T square and com- 
bination of both 30° and 45° triangles. 
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Fics. 1,565 to .,567.—Wrong and right ways of using the pencil in drawing lines. 
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‘Arcs and Circles.—These 
are “‘described”” with the 
compass. The compass and 
proper positions for its use 
are shown in fig. 1,568. 
Both points should be near- 
ly perpendicular to the 
paper—slightly inclined in 
the direction of movement. 


The starting position 
should be such that the en- 
tire movement can be made 
in One continuous sweep by 
grasping the little handle at 
the pivot end by the thumb 
and forefinger, obtaining a 
twisting motion by moving 
the thumb forward without 
stopping to shift the hold en 
the compass. 


Never hold the compass by 
the legs, even when the length- 
ening bar is used, as todoso will 
tend to move the legs to a differ- 
ent radius, as shown in fig. 
1,569. 


For very smal! circles a small- 
er compass called the bow com- 
pass is used; it is more conveni- 
ent and having screw adjust- 
ment can be set with greater 
precision than the large com- 
pass. Particular attention is 
called to the result obtained by 
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inclining the center point of a compass in describing circles as shown at S, 
fig. 1,570. Since these centers must be again used in inking ina drawing, 
accurate work cannot be done if the center indentations are spoiled as at 
S, by wrong use of the compass. 


Spacing.—To accurately divide a given distance into several 
equal parts hair spring dividers are used. If an exact length is to 
be laid off with the dividers, a large multiple of that length should 
be first laid off with the scale on a right line and then exactly 


CLOCKWISE 
MOTION 


POINTS NEARLY 
PERPENDICULAR 
TO PAPER 


handle; also, upright positions of prints, and clockwise motion. 


sub-divided into the desired exact length by the dividers. This 
involves several trials. Set the dividers as near as can be to the 
desired length. Then test by spacing with the dividers along 
the line. The setting of the dividers after each trial is adjusted 
by turning slightly the hair spring nut until the correct length 
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is obtained. For very fine divisions the bow dividers are more 
conveniently used. For precision the divisions L,A,R,F, 
should be marked off with a ‘‘pricker point.” 


Hints on Penciling.—The pencil drawing should look as 
nearly like the ink drawing as possible. A good draughtsman 
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Fic. 1,569.—Wrong and right way to use compasses in describing large circles. Always have the 
points, especially the center point upright, otherwise the center indentation in paper will be 
enlarged and untrue. If both hands be used as at M, the setting may be altered by pressure 
on the leg, and part of the circle, as at L, will vary from the true part F. 


leaves his work in such a state that any competent person can 
without difficulty ink in what he has drawn. © 


The pencil should always be drawn, not pushed. Lines are 
generally drawn from left to right and from the bottom to the 
top or upwards. Pencil lines should not be any longer than the 
proposed ink lines. By keeping a drawing in a neat, clean condi- 
tion when penciling, the use of the rubber upon Vy finished 
inked drawing will be greatly diminished. 
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Inking.—A drawing should be inked in only after the penciling 
is entirely completed. Always begin at the top of the paper, 
first inking in all small circles and curves, then the larger circles 
and curves, next all horizontal lines, commencing again at the 
top of the drawing and working downward. Then ink in all 
vertical lines, starting on the left and moving toward the right; 
finally draw all oblique lines. 

Irregular curves, small circles and arcs are inked in first, 
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Fic. 1,570.—Right and wrong position of the compass center point (greatly enlarged for clear: 
ness). If the point be perpendicular to the paper in describing a circle as shown at the left, 
aclean cut indentation will be made in the paper as shown at M, with point removed, being 
in proper condition to use as acenter. Again if the point be inclined in describing a circle: 

_ the center point will rotate as indicated at L and F, the end of the point enlarging and 
tearing the indentation so that when the point is removed the indentation will be the condi- 
tica shown at S, totally unfit to be again used as a center. The center point of a compass 
should be provided with a shoulder, as shown, instead of being simply conical—this limits 
the depth of indentation. ; 


> . 


because it is easier to draw a straight line up to a curve than it is 
to take a curve up to a Straight line. 


In inking in lines the “‘ruling or lining” pen is used against the edge of 
the T square and triangles in making ink lines. The tool has two separate 
blades, or jaws, one of which is equipped with a spring to spread them apart. 
It is brought close to the other by a thumb screw or allowed to come away 
by turning the thumb screw. In the better class of drawing pens a hinge is 
wrought. on one blade at the base, thus permitting the blade to open toa 
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right angle, so that it can be cleaned of any ink which may cake or adhere 
to. 

The drawing pen is applied by holding it perpendicular between the first 
and second fingers and thumb of the right hand, keeping the smooth blade 
close against the T square or triangle as required. 

The ink is inserted between the jaws with a common writing pen or pen 
cork, which is now provided with every bottle of drafting ink sold, and any 
ink which remains outside must be cleaned off with a soft rag or piece of 
soft blotting paper. Similar directions must be followed when using the 
pen leg and point of compasses. 


fics. 1,571 and 1,572.—Two methods of describing a circle of given radius tangent to two lines 
meeting ata point. In fig. 1,571 let OA be the given radius. With Oascenter, describe arcs 
M, andS. With points A, A’, where these arcs cut the lines describe arcs intersecting at B, 
then will a circle described with B, as center, and radius OA, be tangent to both lines. In 
the second method, set compass to given radius and describe a trial arc M, from a tria’ 
center L, selected with pencil resting on one of the lines. If trial arc be not tangent to the other 
line, bring compass back to initial position with pencil point resting on line, lift center point, 
by inclining compass a littie and select another trial center as F. Continue the process untit 
a center is obtained about which a circle described wili be tangent to both lines. With. 
little practice center can be quickly located by this method. The first method, fig. 1,571, 
holds when the lines are at 90° to each other, but the second method applies to any inclination. 


The thicknesses of the lines are determined by the distance between the 
points of the blades, operated by the regulating screw. By separating or 
bringing together the blades a thick or thin line may be drawn, as desired. 


Arcs, or circles, are inked in by removing the pencil end and inserting 
the pen end into the compass leg, or by using the bow compass. 
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Drawing to Scale.—The meaning of this is, that the drawing 
when done bears a definite proportion to the full size of the par- 
ticular part, or, in other words, is precisely the same as it would 
appear if viewed through a diminishing glass. 

When it is required to make a drawing to a reduced scale, 
that is, of a smaller size than the actual size of the object, say, 
for instance, 14 full size, every dimension of the object in the 


Fic. 1,573.—Spacing with the dividers. Suppose it be desired to divide the line MS, into 
5 equal parts. Set dividers “by eye” to one-fifth the distance as MR. Space along the line 
by moving the dividers clockwise and counterclockwise to position 2,3, 4,5. Asseen, MR, 
was taken too large. Adjust setting and respace until the correct setting has been obtained. 
Before setting the dividers “‘by eye,”’ unloosen adjustment nut D, two or three turns, other- 
wise if the error LF, were negative (—), the hair spring could not be adjusted in the positive 
(+) direction. 


drawing must be one-half the actual size; in this case one inch 
on the object would be represented by % inch. Such a reduced 
drawing could be made with an ordinary rule. This, however, 
would require every size of the object to be divided by the pro- 
portion of the scale, which would entail a very great loss of time 
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in calculations. This can be avoided by simply dividing the 
rule itself by 2, from the beginning. Sucha rule or scale as it is 
generally called, will be divided in 14 inches, each half inch 
representing one full inch divided into 14, \, ly, Ye, each of 
these representing the same proportions of the actual sizes of 
the object to be drawn. From this contracted scale the dimen- 
sions and measurements are laid off on the drawing. 


A quarter size scale is made by taking three inches to represent one foot. 
Each of the three inches will be divided into 12 parts representing inches, 
each one of these again will be divided in 44, , 1/1,, etc.; each one of these 
representing to a quarter size scale the actual sizes of 14, 14, 4%, 4, of an 
inch. 


It must be mentioned that in several instances, in this work, distances in 
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one figure are said to be equal to corresponding distances in the same object 
in another view, while by actual measurement they are somewhat different; 
this is owing to the use of different scales—each scale separate should be 
marked on the drawing. 


It must be understood that the scale on a drawing is not given 
for a shopman to take his dimensions from; such dimensions 
must all be taken from the dimension figures; the scale is given 
for the chief draughtsman’s use, or whoever may check the 
drawing, and also for the use of other draughtsmen who may 


FINE 
SAND PAPER 


Fics. 1,575 and 1,576.—Method of sharpening compass pencil by rubbing it over a pad of very 


oe “aoa (fig. 1,575), and appearance of pencil point after sharpening (greatly enlarged) 
g. 1,576. 


make at some future time aiterations or additions to the 
drawing. 


Dimensioning Drawings.—Every dimension necessary for the 
execution of the work indicated by the drawing should be clearly 
stated by figures on the drawing, so that no measurements 


Practical Drawing 643 


- need to be taken in the shop by scale. All measurements should 
_ be given with reference to the base or starting point from 


fies. 1,577 and 1,578.—Method of using the protractor to draw a line through a given porn? 
en a line and making a given angle with the line. Let MS and L, be respectively the given, 
line and point on the line. Place protractor so that its center registers with point ©, ana 
its straight side with the line MS. Find angle on circular scale and mark same as at F. 
Remove protractor and join LF, by aid of triangle as in fig. 1,578, obtaining the required 
angle FLS. ; : 


@ 
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which.the work is laid out, and also with reference to center lines. 


“All figured dimensions on drawings must be in plain, round 
vertical figures, not less than one-eighth inch high, and formed 
by a line of uniform width and sufficiently heavy to insure print- 
ing well, omitting all thin, sloping or doubtful figures. All 
figured dimensions below two feet are best expressed in inches. 


It is not necessary to put down a multiplicity of inch marks (”)—these 
can well be left off, using the foot and inch marks only when the dimension 


is expressed in feet and inches. This will save time and improve the appear- 


ance of the drawing. 


It may be put down as a rule that the draughtsman must anticipate the 


measurements which will be looked for by the workman in doing the work, 
and these dimensions only must be put on the drawing. 


The author objects to the usual style of dotted dimension and 
center lines and weak arrow heads, and prefers to make these 
lines and arrow heads solid, the lines being drawn very fine to 
distinguish them from the object as shown in fig. 1,579. 

The dimensions written on the drawing should always give the 
actual finished sizes of the object, no matter to what scale the object 
may be drawn. 


All dimensions which a shopman may require should be put on a drawing, 
so that no calculation be required on his part. 


For instance, it is not enough to give the lengths of the different parts of 
the object, but the length over all, which is the sum of all these lengths, 


placed outside and the figures also be put outside, in which case an arrow | 


should be put in to indicate the proper position of the figures. 


| 


The figure should be placed in the middle of the dimension line at right | 


angles to that line, and so as to read either from the bottom, or from the 
right hand side of the drawing. The arrow heads should be put inside of 
the lines, from which the distance, as given in the dimension, is reckoned. 


The dimension lines should also be put in the drawing, very near to the 
spaces or lines, to which they refer. 


When “the view’’ is complicated, dimension lines drawn within it, might 
tend to make it still more obscure and difficult to understand: in sucha case 
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the dimension lines should be carried outside of the view and extension lines 
drawn from the arrow heads to the points, between which the dimension is 
given. : 


When the dimension includes a fraction, the numerator should be separated 


from the denominator preferably by a horizontal line instead of by an inclined ~ 


line; care should also be taken to write the figures in a very clear and legible 
manner and crowding should be avoided. 


Tracings.—Whenever it is desired to have more than one 
copy of a drawing, a “‘tracing’’ is made of it and from this as 
many blue prints can be obtained as are required. 


_- SOLID HEADS 
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Fic. 1,579.—Method of dimensioning drawing as preferred by the author. Note, solid arrow 
heads that can be seen; fine dimension lines which by contrast are not confused with the lines 
of the drawing; no inch marks where dimension is in inches only. 


When a tracing is needed for making blue prints, a piece of 
tracing paper or tracing cloth of. the same size as the drawing is 
placed over the original drawing and fastened to the board: 
This tracing paper or cloth is almost transparent; the tracing is 


a mechanical copy of a drawing made by reproducing its lines , 


as seen through a transparent medium such as has been de- © 


scribed and the lines of the drawing can be seen through it. 
The surfaces of the tracing cloth are called the ‘‘glazed side’ 
and the “‘dul) side,” or “front” and “‘back’’; the glazed side has 
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a smooth polished surface and the dull side is like a piece of 
ordinary linen cloth. 


Drawing on tracing paper or cloth is effected by pencil and drawing pen 
as in ordinary work. 


The tracing cloth must be fastened to the board, over the drawing by 
pins or thumb tacks; moisture or dampness should be carefully avoided 
and the drawing done, preferably, on the smooth side of the cloth. 


. When tracing cloth will not take ink readily a small quantity of pounce 
may be applied to the surface of the cloth and distributed evenly witha piece 
of cotton waste, chamois, or similar material, but the pounce should be 
thoroughly removed before applying the ink. 


In making tracings the order to be followed is as follows: 1, ink in the 
small circles and curves; 2, ink in the larger circles and curves; 3, then all 
the horizontal lines, beginning at the top of the drawing and working down- 
ward; 4, nextink in all the vertical lines, commencing at the ieft and 
moving back to the right; 5, draw in the oblique lines; 6, in finishing the 
figuring and lettering should be done with India ink, thoroughly black. 


“Erasing,” in case of mistakes or errors, should be done with an ink 
eraser or a sharp, round erasing knife; the surface of the tracing cloth must 
be made smooth in those places where lines have been erased; this is accom- 
plished by rubbing the cloth with soapstone or powdered pumice stone, 
applied with a soft cloth or with the finger. When a mistake made is so 
serious that it cannot be corrected by erasing, a piece of the tracing cloth 
may be cut out and a new one inserted in its place. 


A finished tracing should be provided with the title of the drawing, the 
date, scale and the initials of the draughtsman. 


Lettering.— When the information necessary to the reading of 
a drawing cannot be expressed by lines and scale dimensions, it 
must be indicated in the form of printed explanations, remarks, 
ete. 


NOTE.—Many concerns have rules of their own, directing their draughtsmen to use either 
the smooth or the rough side for all purposes; if there be no such rules, it is left to the judg- 
ment of the draughtsman. While it is immaterial which side of the cloth is used in tracing, 
however, if any mistakes be made and have to be corrected tinis can be done easier on the glazed 
Side; on the contrary, if any additions must be made to the tracing, which have to be drawn in 
re roe the dull side will be found most convenient, as the pencil marks show plainer on 
the dull side. 
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To do good lettering is not an easy task, and unless the stu- 
dent be already experienced, he should devote much time to 
practicing the art, working slowly and bearing in mind that» 
much time is required. to make well finished letters. 

The character and size of the letters on all working drawings 
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1c. 1,580.—Winsor & Newton liquid Indian ink. 


should be-in harmony with the drawing on which they appear. 
It is desirable to have all lettering on a drawing made in the 
same style, only differing in size or finish of details. 


Capital letters should always be sketched in pencil, especially by the 
beginner, and inked in afterwards; the lettering used on mechanical draw- 
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is usually of the simplest character, the letters being composed of heavy 

and light strokes only; for headings, titles of large drawings, where com- 
paratively large lettering is required, it will be most appropriate to use 
large letters. 


The title should be conspicuous, but not too much so; sub-titles should 
be made smaller than the main-title. 


The “‘scale’”’ and general remarks placed in the margin of the drawing or 
near the title should come next in size. All explanations and remarks on 
the views should not be larger than one-eighth inch. 


After deciding ort-the size of the letters, lightly draw two parallel lines at - 
adistance apart equal to the height of the letters. Good lettering requires 
sonsiderable practice: The beginner should first pencil in the letters before 
inking, but this is not necessary for the expert. 


Fies, 1,581 and 1,582.—Parallel line shading of flat and cylindrical surfaces. 


Free hand lettering should only be taken up after the student is proficient 
in mechanical lettering; pencil guide lines for letters and words should bo 
drawn; larger letters may first be penciled in very lightly, and an ordinary 
writing pen may be used for inking them in. 


Letters should be so placed as not to interfere with the lines of the drawing 
and should clearly point out the part intended to be described. When 
single letters are used, they should be inked in before the shade or section 


lines are drawn; it is a good plan to start with the middle letter of the in- 
scription and work in both directions. 


Parallel Line Shading.—Plane surfaces are shaded by a num- 
ber of parallel lines running parallel to the length of the plane 
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which is to be shaded. If the plane is to be represented very 
light, it may be left blank or covered with very fine Matias 
lines, as shown in fig. 1,581. i 

A cylinder is shaded by a number of parallel lines, which are 
heaviest near to the side of the cylinder which does not receive 


Fic. 1,583.—Dietzgen section liner and scale divider for drawing equally spaced paralled lines. 
Tt consists of a flat rack bar or base which carries a rack and carriage which slides on the 
rack bar. A semi-circular protractor with a ruler arm is attached to the carriage and by 
means of asimple mechanism from 4.to 200 parallel lines to the inch can be drawn. When 
the instrument is properly set, inch scales from 14 to 3 inches to the foot, decimal scales up to 
1,000-to the foot can be produced. 


any direct light, asin fig. 1,582. The heavy lines become lighter 
gradually and are drawn very fine near the middle of the cylin-- 
der; after this the lines are again drawn slightly heavier up to 
the side of the cylinder, which is nearest to the source of the 
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light. The shading lines near the lighter side of the cylinder 
should never be as heavy as the heaviest lines on the dark side 
of the cylinder. 


Section Lining is sometimes necessary to make use of a sec- 
tion, in order that certain details, which would otherwise be 
hidden, may be shown in a plain, clear manner. Such sections 
are usually indicated by drawing parallel oblique lines within 
the section, usually inclined 45°. 

By changing the direction of these lines a clear distinction 
may be made between different pieces in the same view, which 
may be in contact. 


Placing the lines too near together makes the work of sectioning much 
harder; the lines should not be drawn first in pencil, but only in ink, as the 
neat appearance of the drawing depends largely upon the uniformity of the 
lines in the section and these lines are to be spaced by the eye only. The 
process consists.simply in ruling one line after another, sliding the triangle 
along the edge of the T square for an equal distance after drawing each sec- 
tion line. 

_ Wooden beams are sectioned by a series of rings and radiating lines in 
imitation of the natural appearance of a cross section of the wood. 


‘The side of a beam or board is represented by lines (drawn in free hand) 
running similarly to the grain of the wood. Sections of thin strips of metal 
as beam hanger straps, etc., are usually represented by filling in the whole 
sectional area solid black. In this case a white line must be left between 
adjoining sections. 
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CHAPTER 30 


How to Read Plans 


There are various ways of representing objects in drawings, 
and a knowledge of these different methods is essential in order 
to intelligently read a drawing or blue print. 

The various methods of illustrating an object by a drawing 
are: 

Perspective 

Cabinet projection 
Isometric projection 
Orthographic projection 
Development of surfaces 

Of these methods, the first three may be classed as “pictorial” 
in that they show the entire visible portion of the object in 
one view, whereas the fourth requires several views to fully 
present the object and may be called ‘‘descriptive.”’ 

It is this latter method that is most generally used and which 
requires a little study to comprehend it. 

A perspective drawing shows an object as it really appears to 
the eye, but presents so many difficulties of construction that 
the projection methods have been devised to overcome them. 
These projection methods will accordingly be considered first 
before taking up perspective. 


aN 


Cabinet Projection.—In this system of drawing, the lines of 
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an object are drawn parallel to three axes, one of which is 
horizontal, a second vertical, and the third, inclined 45° to the 
horizontal, as in fig. 1,584. The horizontal axis lie in the plane 
of the paper, and the vertical and inclined axes lie in a plane 
intended to appear to the eye as being at right angles to the 
plane of the paper. 


ry. 


VERTIGAL AXIS 


INCLINED AXIS 


1 


HORIZONTAL AXIS 


Oo 


#1G. 1,584.—Cabinet projection axes. 


x 


These axes lie in planes at right angles to each other and 
known as the horizontal, vertical and profile planes. 
In cabinet projection it is to be remembered that 


1. All horizontal measurements, parallel to the length of the object 
must be laid off parallel to the horizontal axis, in their actual sizes. 


2. All vertical measurements, parallel to the height of the object, must 
be drawn parallel to the vertical axis in their actual sizes. 


aye All measurements parallel to the thickness of the object must be laid 
off on lines parallel to the 45° axis, in sizes of only one-half of the actual 
corresponding measurements. 
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It is not essential which side of the object should be consid- 
ered its length and which side its thickness. . 


Problem 1.—To draw a cube in cabinet projection. 


First draw the three axes, OX, OY, OZ, as in fig. 1,585. Lay off OA 
and OC, on OX and OY, equal to side of the given cube, and complete the 
side by drawing CBand AB. OnO2Z, lay off OG, equalto 4OA. Through 


F E 


Fie. 1,585.—Cabinet projection of a cube. 


C, draw a line parallel to OZ, and through G, a dotted line parallel to OY, 
giving the lines CF and GF. Similarly through points G,F,A and B, draw 
parallels to the axes, thus completing the cube. 


In the-drawing the face ABCO, is regarded as lying in the plane of the 
paper, the face DEFG, as parallel and the other faces ABED and OCFG, 
as perpendicular to the plane of the paper. The edges which would be 
invisible if the cube were made of opaque material such as wood, are repre- 
sented by dotted lines. 
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Problem 2.—To draw a right cylinder with its bases in the 
XOY plane; length of cylinder 3 times the diameter. 
This is the best position to draw a cylinder because the bases will be cir- 
cles and the difficulty of describing ellipses avoided. 


Draw the axes as usual. With O, as center and OA, equal to radius of 
cylinder , describe a circle. On OZ, lay off OM = 3 times OA (since length 
of cylinder = 3 times the diameter.) 


Fic. 1,586.—Cabinet projection of a cylinder with bases parallel to the plane of the paper. 


With same radius describe a circle through M, and draw tangents BC, 
and DE, thus completing the outline of the cylinder. 


_ The portion of the circle about M, between C and E, is shown by dotted 
lines pe it would be invisible if the cylinder were made of opaque 
material, 


Problem 3.—To draw a prism enciosing a cylinder with its 
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bases parallel to the YOZ piane; length of cylinder 3 times the 
diameter. 


Draw in the cube as directed in problem 1, making AD=\ OA, as in fig. 
1,587. Now, show half of the base ABED, in the plane of the paper as in 
fig. 1,588. Here, draw diagonals OB and OA, and describe the balf circle 
tangent to the sides. Through the intersection of the circle with diagonals 
draw line 12. 


In fig. 1,587 make Bl = 14 of B1 in fig. 1,588 and draw line 12, in fg, 


Eycs. 1,587 and 1,588.—Cabinet projection of a prism enclosing a right cylinder with its bases 
parallel to the YOZ plane. 


1,587, and by similar construction line 34. Next draw diagonals AE and 
BD. The intersection of lines 12 and 34 with these diagonals will give 
four points together with points MLSF, throvgh which to construct an 
ellipse representing the base of the cylinder as seen in profile constructing 
a similar ellipse at the other end and drawing the two tangents to the 
ellipses completes the outline of the cylinder. 


_ Problem 4.—To draw a hexagonal prism inscribed in a right 
cylinder whose base equals twice diameter. 


In construction fig. 1,589, describe a circle of diameter equai 
to diameter of the cylinder. Inscribe a hexagon.: In fig. 1,590 
lay off OF and OC, equal to of and oc. 

Transfer points m, s, obtaining M, S, and een M and S, 
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draw lines parallel to OZ, and on these lines lay off ME = 
14 me; MA = ma, etc. Through the points thus obtained 
draw in the ellipse ABCDEF. 


Similarly construct upper ellipse A’B’C’D’E’F’ at elevation 
OO’ = 8{ FC, and draw tangents thus completing the cylinder. 
Join AB, A’B’, BC, B’C’, etc., and AA’, BB’, etc., thus com- 
pleting outline of inscribed hexagonal prism. 


ee Hed 


Fics. 1,589 and 1,590.—Cabinet projection of a hexagonal prism inscribed in a right cylinder. 


Modified Cabinet Projection.—There are various ways in. 
which the 45° one-half foreshortened profile cabinet projection 
just described can be modified for convenience to suit special 
conditions. For instance, instead of inclining the OZ, axis 
to the right, as in fig. 1,591, it may be pointed to the left as 
in fig. 1,592. 

Instead of foreshortening the profile dimension one half, as in fig. 1,593. 


in some cases, where dimensions are to be taken from the drawing, the pro~ 
file may be made full dimension as in fig. 1,594. é 


ae, 
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Sometimes, because of the limited space available, it is desirable to take 
the OZ, axis at some angle other than 45°. In such cases it is usually taken 
at 30° or 60°, because these angles are obtained directly with the T square 


RIGHT PROFILE LEFT PROFILE 


: oe 
D | 


jeu 


X 


Figs. 1,593 and 1,594.—Half and full profile dimension 45° cabinet projection. Evidently 
where all lines are drawn full dimension as in fig. 1,594, the drawing is made without calcu-~ 
lating the profile dimensions, and especially in case of a complicated object time is saved. 
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and triangles—the object 
of the projection system 
being to use these instru- 
ments to conveniently and 
quickly execute drawings. 
In special cases, obviously 
any angle may be taken to 
suit the conditions. 


These modifications 
of cabinet projection are 
shown in figs. 1,595 to 
1,600. The first three 
figures show the object 
in full profile dimension 
for comparison. How- 
ever, to save space and 
approach the natural 
appearance of the ob- 
ject, the following are 
the approved propor- 
tions for the profile. 


OZ axis 45°, profile 
half dimension 


OZ axis 30°, profile . 
two-thirds dimension 


OZ axis 60°, profile 
one-third dimension 


Evidently these modifications render the system flexible with respect to space and clear representation 


of any special part of an object. 


The appearance of an 
object drawn to these 
proportions is shown in 
figs. 1,598 to 1,600. 


Fics. 1,595 to 1,597.—Modified full profile dimension cabinet projection, with OZ axis at 30° (fig. 1,595); 60° (fig. 1,596), and 
at any angle (fig. 1,597). 
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Fics. 1,598 to 1,600.—Approved proportions for profile dimensions of 45°, 30° and 60° cabinet projection. 
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Isometric Projec- 
tion.—By definition 
the word isometric 
means equal distances, 
and as here applied, 
isometric projection 
is a system of draw- 
ing with measurements 
on an equal scale in 
every one of three sets 
of lines 120° apart and 
representing the. three 
blanes of dimension. 


In other words, the 
axesaretaken120°apart 
and there is no profile 
foreshortening as in 
cabinet projection, all 
lines being drawn full 
length. 


Isometric projection 
further differs from 
cabinet projection” in 
that none of the three 
planes lie in the plane of 
the paper. 


Fig. 1,601 shows 
method of laying out 
the isometric axes 
using T square and 30° 
triangle. Figs. 1,602 
and 1,603 show com- 
parison of axes of the 
cabinet and isometric 
systems. 
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120° 


Fics. 1,602 and 1,603.—Comparison of cabinet and isometric axes. 
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Problem 5.—To draw.a prism in isometric projection. 


First draw the axes OX, OY and OZ, at 120° as explained in fig. 1,601, 


From O, fig. 1,604, lay off on the axes just drawn OA = OB = OC = 
length of side of the cube. Through points A,B,C, thus obtained, draw lines 


parallel to the axes, giving points D,E,F, thus completing visible outline 
of the cube. 


te a aceeetanentet > Ja. 


i 


Se ey 


a 
ALL DIMENSIONS 
FULL 


lY 


Fic. 1,604.—Isometric projection of a cube. 


Fic. 1,605.—Isometric projection of a parallelopipedon showing completed dotted outline of 
invisible portion as compared with that of the cube fig. 1,604 in which part of the dotted 
line FG, falls behind OB. The reference letters are the same in both figures. 


Through D, E and F, draw dotted lines intersecting at G, which gives 
the invisible outlines of the cube, assuming it to be opaque. An objection 
to this view is that the point G, falls behind the line OB, thus the outline of 
the invisible portion does not appear so well defined as it would in the case of 
a parallelopipedon as in the little fig. 1,605 at the right. 


An objection to isometric projection is that, since no projection plane liey 
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in the plane of the paper, it is necessary to construct ellipses to represent 
circular portions of an object and this requires time and skill. 


Problem 6.—Draw a horizontal prism with inscribed cylinder; 
length of cylinder two times the diameter. 


Draw the prism as explained in fig. 1,604, and drawn in fig. 1,6u6, 
making its length twice its side. Now construct the half end view in 
plane of payer (fig. 1,607); describe circle, diagonals and intersecting 
line 12. 


fics. 1,606 and 1,607.—Isometric projection of a horizontal prism with inscribed cylinder. 


Transfe- from fig. 1,607 line 12 to fig. 1,606 and draw symmetrical lin 
34 and uiagonals, The interscctions, together with points MS, and LF, 
mt axi .1 lines through the center, give eight points through which construct 

bi Se. 


Construct also a similar ellipse at other end of prism and join two ellipses 
with tangents, thus completing outline of inscribed cylinder. 
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An objection to isometric projection is the greater amount of 
space required as compared with cabinet pzojection; this point 
is shown in figs. 1,608 and 1,609. 


Orthographic Projection.—Isometric drawing and cabinet 
projection, while showing the object as it really appears to the | 
eye of the observer, are neither of them very convenient methods 
to employ where it is necessary to measure every part of the 
drawing for the purpose of reproducing it. 

Drawings suitable for this purpose, generally known as 
working drawings, are made by the method known as ortho- 
graphic projection. 

In cabinet or isometric projections, three sides of the object 
are shown in one view, while in a drawing made in orthographic 
projection, but one side of the object is shown in a single view. 


To illustrate this? a clear pane of glass may be placed in frent of the object 
intended to be represented. 


In fig. 1,610 a cube is shown ona table; in front of it, parallel to one face 
(the front face) of the cube, the pane of glass is placed. 


Now, when the observer looks directly at the front of an object from a 
considerable distance, he will see only one side, in this case only the front 
side of the cube. 


The rays of light falling upon the cube are reflected into the eyes of the 
observer, and in this manner he sees the cube. The pane of glass, evidently, 
is placed so that the rays of light from the object will pass through the glass 
in straight lines, to the eye of the observer. The front side of the object, 
by its outline, may be traced upon the glass, and in this manner a figure 
drawn on it (in this case a square) which is the view of the object as seen 
from the front which in this case is called the front elevation. 


One view, however, is not sufficient to show the real form of a solid figure. 
In a single view two dimensions only can be shown, length and height; 
hence the thickness of an object will have to be shown by still another view 
of it, as the top view or plan. 


Now, place the pane in a horizontal position above the cube which is 
resting on the table, as in fig. 1,611, and looking at it from above, directly 
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over the top face of the cube, trace its outline upon the pane; asa result, a 
square figure is drawn upon the glass, which corresponds to the appearance 
of the cube, as seen from above. This square on the glass is the top view 
of the cube, or its pian. 


Fig. 1,612 shows the manner in which a side view of the cube may be 
traced; the glass is placed on the side of the cube, which rests on the table 


TOP VIEW 


FRONT VIEW y 


LEFT SIDE VIEW RIGHT SIDE VIEW 


Fics. 1,613.—Five views of an object as drawn in orthographic projection. 


as before, and the outline of the cube on the glass in this position, is called 
its side elevation. 


Usually either two of the above mentioned views will suffice to show all 
dimensions and forms of the object, but to completely represent complicated 
objects, three or four views may be required. 

In complicated pieces of machinery, however, more views, three and even 


more may be required to adequately represent the proportions and form of 
the different parts. 
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A drawing which represents the object as seen by an observer looking at 
it from the right side is called the right side elevation and a drawing showing 
the object as it appears to the observer looking at it from the left side is 
called the left side elevation. ; 


In the case of a long object, a view at the end is called an end view. 
A view of the object as seen from the rear is called the rear view or rear 
elevation, and a view from the bottom, the bottom view. 


The different views of an object are always arranged on the drawing ina 
certain fixed and generally adopted manner, thus— 


The front view is placed in the center; the right side view is placed to the 
right of the front view, and the left side view to the left; the top view is 
placed above the front view and the bottom view below it. The different 
views are placed directly opposite each other and are joined by dotted lines 
called projection lines. 


By the aid of projection lines, leading from one view to the other, as in fig. 
1,613, measurements of onz kind may be transmitted from one view to the 
other; for instance, the height of different parts of an object may be trans- 
mitted from the front view to either one of the side views; in like manner 
the length of different parts of the object may be transmitted by the aid 
of projection lines, to the bottom view and top view. 


It is often desirable to show lines belonging to an object, although they 
may not be directly visible. In fig. 1,613 the top view and the bottom view 
show plainly that the object is hollow; looking at the object from the front 
or from the sides, however, the observer could not see the inside edges of 
the object, except it were made of some transparent material. 


In projection drawing it is assumed for convenience that all objects are 
made of such material, transparent enough to show all hidden lines, no 
matter from which side the object is observed; these hidden lines are repre- 
sented in the drawing by dotted lines. 


Problem 7.—Draw a plan, elevation and end view of the 
prism shown in fig. 1,614. 


First draw the top view or plan as in fig. 1,615, by drawing the rectangle 
ABCD, -to scale making AB, = 1 in. and AD, 4 ins. For the elevation, 
project the point AB, down to the parallel line obtaining line AB. 


Lay off AE = 2 ins. and complete rectangle giving ABFE, or elevation. 
The end view BCGF, is drawn in a similar manner, side BF, being obtained 
by projection and BC, by measurement. 
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Problem 8.—Draw plan, end and front views of the barn 
shown in fig. 1,616. 


The plan will consist simply of a rectangle CDFE (fig. 1,617), the length 


B PROJECTION LINE 


ELEVATION 


Fics. 1,614 and 1,615.—Cabinet projection of a prism, and orthographic views of same, being 
shown in plan, elevation and end view, 
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of whose sides being obtained from the dimensions in the orthographic pro- 
jections. The end view is projected down from points C,A,E, of the plan, 
being identical with the end in fig. 1,616, because it is here drawn in the 
“OX, plane” which is the plane of the paper and accordingly is seen in true 
size. 


Similarly for the front view project over the points A,B.1, of the end 
view and lay off AB, EF, and IJ, equal to 40 ft., the elevation of these lines 


a 


END VIEW SIDE VIEW 


fries. 1,616 and 1,617.—Cabinet Projection outline drawing of a barn and same drawn in 
orthographic projection. , 
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being obtained from the given dimensions. The door is laid out in a stmilag 
manner. 


Center Lines.—Objects which are symmetrical with respect 
to some axis drawn through the center are most easily drawn by 
first drawing such axis or center line and then drawing the object 
so that its center coincides with the center line. It is usual to 
make such lines broken by dot and dash, to distinguish them 
from the lines of the object. The author, however, prefers to 
draw solid center lines, obtaining the proper contrast to avoid 
confusion by drawing them much finer than those of the object, 
the same method being used also for dimension lines. 


Figs. 1,618 and 1,619 show a rectangular built-up post drawn with 
center lines. Evidently since the figure is symmetrical with respect to 
these lines, equidistances are conveniently spaced off each side by aid of 
dividers and the drawing made quickly and with precision. — 


Since to show the entire length of the post would require considerable 
space, it is usual to “‘break it off’’ as at MS, by two ragged free hand lines, ' 
which indicate that part of its length is not shewn. The construction of 
the post may be more clearly shown by drawing it as though it were sawed 
through from end to end along the line AB; thus showing only the half 
back of AB; it would then have the appearance as shown in fig. 1,620,' 
called a sectionon AB. The surface assumed to be sawed is “‘section lined.”’, 
That is, covered with a series of parallel lines usually inclined 45°, 30° or 
60°. It will be noted that the section lines in one plank run in a different 
direction from those in an adjacent plank so as to distinguish the separate 
parts. 


To draw section lines consumes time, hence, time may be saved by show- 
ing in section not more than is sufficient for clearness, the rest of the drawing 
being seen “‘in full’’ asin fig. 1,621; this is called a sectional view. Here the 
post is shown in full down to the ragged line L, below this line the post is 
considered as being cut away to the axis AB. 


Development of Surfaces.—The principles of projection 
already explained may be readily applied to the important De, 
blem of develonment of surfaces. 
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Whenever it is necessary to make an object of some thin 
material like sheet metal, as in the case of elbows or tees for 
leader or stove pipe, the surface of the desired object is laid out 
on sheet metal, in one or in several pieces; these are called the 
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rcs. 1,622 to 1,624.—Elevation and plan of 90° stove pipe elbow, and development nf surfaces 


Elbow Patterns.—In all elbow work the difficulty lies in obtaining the correct rise of the 
mitre line. By the use of a protractor this is overcome and thus the necessity of drawing a 
complete quadrant is avoided. Following the rule given in the illustration the rise can be 
easily found, when the throat and diameter of the pipe is known. The following table gives the 
rise of mitre line for elbows of various degrees and of various number of pieces. 


ELBOW TABLE 


No. of pieces Divide by Degree of elbow Rise of mitre line 
2 2 105 521%4° 
ae 2 90 ; 45° aa 
2 2 70 35° 
: 3 4 
4 6 
Bak 6 
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patterns of the object; the pattern being first laid out on the 
sheet metal and then cut out; when this is done the separate 
pieces are ready to be fitted together to form the required object. 

The method by which the surface of an object is laid out om 
a plane is called the development of the object. A few exercises 
will sufficiently acquaint the student with the methods used, in: 
problems of this character. 

Problem 9.—To draw the ee ment of a right, or 90° 
stove pipe elbow. 


A right elbow is made by joining two pieces of pipe for the purpose of 
forming a right angle. It is really an intersection of two cylinders of equal 
diametezs; the center lines of the two cylinders meeting at one point, and 
as the joint is to be a right elbow, the center lines must be perpendicular 
to each other, 


To develop the surfaces, divide the circumference of the cylinder into any 
number of equal parts, and through the points of division draw lines parallel 
to the center line of the cylinder. 


On these parallel lines, mark the points which belong to the curve of 
intersection with another cylinder, or any other figure as happens to be the 
case, and then roll out the surface of the cylinder into a flat plate. 


The rolled out surface will be equal in length to the circumference of the 
cylinder, and it will contain all parallel lines, which were drawn upon the 
cylinder, with spaces between them just equal to the actual space between 
the parallel lines which were drawn upon the surface of the cylinder. 


By marking the points of intersection on the parallel lines in the rolled 
_ surface, the development of the cylinder or its part is obtained. 


In fig. 1,622, the circle showing the circumference of the pipe is divided 
into any number of equal parts by the divisions 1, 2, 3, etc. Lines are 
drawn through these divisions parallel to the center line of the vertical por- 
tion of the joint. These lines are ak, bl, cm, dn, etc. 


The points k, /, m, n, o are the points on the parallel lines designating the 
curve of intersection. 


The development of the two branches of the right elbow are shown in 
figs. 1,623 and 1,624; the length of the development, VW (or AA’) is 
equal to the circumference of the figure shown in fig. 1,622. To obtain this 
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length all spaces, 1, 2, 3, 4, etc., laid out upon the circle in fig. 1,622 are 
set off upon a straight line; these spaces are marked in fig. 1,624 by A, B,- 
C, etc., perpendiculars AK, BL, CM, etc., are drawn through the points 
A, B, C, etc. The perpendicular AK and K’A’ in fig. 1,624 are each equal 
to ak in fig. 1,622. The second lines on each side of the development, 
the lines BL and B’L’ are equal to b/. Fig. 1,622. 


The third lines on each side.of the development, the lines CM and C’M’, 
are equal to the third line cm, fig. 1,622. 


The fourth lines in the development are made equal to the fourth parallel 
in the elevation, fig. 1,622, and in the same manner all other lines in the 
development are made equal to the corresponding parallels in the elevation 
of the pipe in fig. 1,622. 

The middle line, SI in the development is made equal to the line sz, in 
the elevation; the points KLMSM’L’K’, etc.; thus found, define-the posi- 
tion of the curve of intersection in the development of the cylinder. 


The required curve is traced through these points; the development 
AA’K’K’ is the pattern for the part aks? of the right elbow shown in fig. 1,622. 


The other part of the elbow is developed in fig. 1,623. It will be readily 
seen that the figure TVWU is laid out in the manner in which the first 
development was obtained; in this figure the shortest parallels are laid off 
above the longest parallels in the first development. This arrangement 
gives the advantage of cutting out both branches of the right elbow from 
one square piece of sheet metal without any waste of material. 


It will be noticed that the patterns shown in figs. 1,623 and 1,624 do not 
provide for the lap by which the two branches are held together. A lap of 
any desired width may be added to the pattern, after it is constructed by 
drawing an additional curve, parallel to the curve of the above pattern, the 
distance between the two curves being equal to the width of the desired lap, 


Problem 10.—To draw the development of a 90° four part 
elbow. 


A four part elbow is a pipe joint made up of four sections such as is used 
for stove pipes where it is desired to obtain an easier bend than with the 
abrupt turn in fig. 1,622. 

Fig. 1,625 shows an elevation and plan of the four part elbow. Here the 
four sections forming the elbow are AKSI, KXTS, XYZT, and YfdZ. 
Of these four parts, the two larger parts, AKSI and YfdZ are equal. The 
same is true of the two remaining smaller parts, KXTS and XYZT. 


To lay out these parts in the elevation a right angle abc is drawn, the sides 
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of which intersect at right angles, the two largest branches of the joint, 
It is evident that the point 6, must be equidistant from both pipes. 


The right angle abc, is divided first into three equal parts and then each 
one of these parts is divided in turn into two equal parts; the right angle is 
thus divided into six equal parts, of which Kba, is one part, KbX, equals 

' two parts, XbY equals two parts and Ybc one part. It will be noticed that 
this construction does not depend on the diameter of the pipe. 


The problem of developing the four part elbow resolves itself into devel- 
oping two only of its parts, one large branch and one smaller part of the 
elbow, the remaining parts being correspondingly equal to these. 


The circumference of the pipe, fig. 1,625, is divided into sixteen equal 
parts by the points 1,2,3,4,5, etc. 


Through these points are drawn lines parallel to the center line of the 
pipe which is to be developed. 


In fig. 1,626, the vertical branch of the elbow, AKSI (of fig. 1,625), 
will be taken up for the purpose. The parallels upon the surface of this 
branch are AK, BL, CM, DN, EO, FP, GQ, HR, and IS. Through 
the points K,L,M,N,0O,P,Q,R, and S, draw parallels for the part 
KXTS, which will be next developed; some of these parallels are ST, 
RU, QV, PW. 


To develop the vertical branch of the four-part elbow set off, upon a 
straight line aa’, fig. 1,626, sixteen equal parts, which altogether are 
equal to the circumference of the cylinder, which is to be developed 


Let the division points, a,b,c,d,e,f, etc., correspond to the division 
points, 1,2,3,4, etc., upon the circle, fig. 1,625. Through the points, a,b, 
c,d,e, etc., draw vertical lines equal to the parallel lines drawn upon the 
surface of the vertical branch of the joint; thus aj, is made equal to AK 
(fig. 1,626), bk, equal to BL; cl, equal to CM and so on until 77 is made 
equal to SI (fig. 1,626). 


The pert laid out so far is ajklmnopgri. This is one-half of the develop- 
ment; the other half, 7’rj’a’ being exactly the same as the first one, may be 
laid out in the same way. 


The part ?t’ss’ is the development of the small part of the elbow. It is 
evident that its length, ¢s, must be equal to the circumference of the pipe 
in the elbow. The lines in the pattern, ¢t’ss’ drawn at right angles to the 
center line of it, and bisected by it, are made equal to the parallel lines, ST 
RU, QV, PW, etc., drawn upon the surface of the part, KXTS, fig. 1,626. 


It is plain that the part, ww’vv’ is equal to the part tt’ss’. with the difference 
‘ 
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that the small parallels in it are laid out above the large parallels in the other 
part; in the same manner, the part yy’ww’ is equal to the part aja’j’. 


Laying out the pattern in this manner makes it possible to cut out the 
complete elbow from one square piece of metal, ay’w’a’. The spaces 
between the patterns are left for laps, which are necessary for joining all 
parts. 


Problem 11.—To draw the development of a tee pipe in 
which all branches are of equal diameter. 


Front and side elevations of the tee are shown in fig. 1,627. As seen, it 
is made by the intersection of two cylinders of equal diameter. The section 
of the cylinders is represented in the front view by two 45-degree lines- ad 
and dg. 


f 


Fic. 1,627.—Side and end elevations of a tee pipe, where surfaces are developed as shown in 
fig. 1,628 to 1629; case, where diameter of all three outlets are the same. 


To develop the pipes divide the circle in the end view of fig. 1,627, into 
any number of equal parts, in this case let it be twelve parts, 

The greater the number of these divisions the more accurate will be the 
resultant pattern. 

Through the divisions 1,2,3, etc., draw horizontal lines cutting the hori- 
zontal cylinder in the side view in the points 1”1’, 2”2’, 33’, 44’, 5”5’, 
6"6', 7”7'; the line 4”4’ just meets the lines of the section in the point d. 


The line 5”5’ cuts the lines of the section in the points e and c, the line 


Sane 
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66’ cuts the section lines in the points f and 0, and the line 7”7’ cuts the 
lines of the section in-the points g and a. 


Draw vertical lines through the points a@,b,c,d,e,f, and g. After ali 
these lines are drawn we have all that is necessary to complete the develop- 
ment of the cylindrical surfaces. 


Fig. 1,628 shows the development of the horizontal cylinder; the rec- 
tangle ABCD, is equal to the cylinder surface. The curve ODGL, is cut 


12" Di2 


Fic. 1.628.—Development of run of tee pipe. 
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out within the rectangle for the joint which is the outline of the opening, 
into which the vertical cylinder wiil fit. 


The rectangle ABCD, has one side AB, equa! to the length of the hori- 
zontal cylinder, fig. 1,627; the other side AD. is ecual to the circumference 
of the circle, show in the end view of the horizontal pipe, fig. 1,627 The, 
twelve divisions marked on the circle are set off on the straight line AD. 
fig. 1,628, so that together they are equal to the circumference of the circle. 


The outline of the opening for the intersection of the horizontal pipe with 
the vertical branch is laid out in the middle of the rectangle ABCD, in the 
following manner: On the middle line 6’6 are set off the distances 6’O and 
6G each equal to g7’ (or a 7”) in fig. 1,627, on the lines 5’5 and 7’7 are set 
off the distances 5’P, 5F, 7’N and 7H each equal to the distance 677, fig. 
1,627 (or 66”). The distances 4’R, 4E, 8K and &’M are set off on the lines 


fic. 1,629.—Development of outlet or branch of tee pipe. 


8’8 and 4’4 to equal the distance e5’ (or c5”) of fig. 1,627. The lines 3/3 
and 9’9 are touched by the curve of intersection in their center at points 
D and L. 


There still remains to be drawn the development of the vertical branch, 
of the tee-pipe; this is found in the same manner as the horizontal part, 


4. e., by laying out the surface of the vertical cylinder, that is, by making it 
equal in length to the circumference of the circle showing the end view of the 
cylinder. The development is shown in fig. 1,629. 


On the line AB, are set off the twelve parts of the circumference and in 
each one of these divisions is erected a perpendicular to the line AB; on 
these perpendiculars are laid off successively the length of the vertical lines 
drawn on the surface of the vertical branch; the lines AC, 1D, 2E, 3F, G4, 
5H and 65 in fig. 1,629, are equal correspondingly to the lines ah, bi, ej, dk, 
el, fm and gn, in fig. 1,627. 


Thus one-half of the development ACJ6 is constructed; the other 6JPB 
is exactly equal to the first part. 
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The method employed in these cases may be applied to nearly all develop- 
ments of cylindrical surfaces; it consists in drawing on the surface of the 
cylinder, which is to be developed, any number of equidistant parallel lines. 
The cylindrical surface is then developed and all parallel lines drawn in it. 
By setting off the exact lengths of the parallel lines a number of points are 
obtained, through which may be traced the outline of the desired development. 


It has been noted in fig. 1,627, that the intersection of two cylinders of 
equal diameters—their arcs intersecting each other—will always appear in 
the side view as straight lines at right angles to each other. If one cylinder 
be of a smaller diameter than the other then the intersection will be a curve. 


Conic Sections.—By definition a conic section is @ section cut 
by a plane passing through a cone. 

These sections are bounded by well known curves, and the 
latter may be any of the following depending upon the inclina- 
tion or position of the plane with the axis of the cone, as shown 
in figs. 1,630 to 1,634. 


1. Triangle 


Plane passes through apex of cone 


2. Circle 


Plane parallel to base of cone 


3. Ellipse - 


Plane inclined to axis of cone 


4. Parabola 


Plain parallel to one element of cone 


6. Hyperbola 


Plane parallel to axis of cone 
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These sections appear as straight lines in elevation, while in 
plan they appear (with exception of the triangle) as curves. 


plane passing through apex of a cone—triangle. 


Problem 12.—Find curve cut by a plane passing through 
apex of cone as in fig. 1,635. 


Let ABC, be elevation of cone and MS, cutting plane passing throuzh 
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apex. Project point D, down to plan parallel to axis cutting base of cone at 
D’ and E’, obtaining line D’ E’, base of developed surface. 


With D, ascenter and radius DA, equal to element of cone swing A, around 
to base line and project down to A’. Join A’ with D’ andE’. Then, A’D’E' 
is the developed surface or triangle cut by plane MS, with cone. 


Problem 13.—Find surface cut by a plane passing through a 
cone parallel to its base as in fig. 1,636. 


This may be found by simply projecting over to the plan. Where MS, 


e 


Fro. 1,636.—Surface cut by plane passing through a cone parallel to its base—circle. 


cuts the element AB, as at F, project over to the axis of the plane and obtain 
point F’. 


Similarly point L’ may be found. These points are equidistant from the 
center O, hence with radius = OF’ = OL’, describe a circle which is the 
curve cut by plane MS, when parallel to base of cone. 


Problem 14.—Find the curve cut by a plane passing through 
a cone inclined to its axis as in fig. 1,637. 
In fig. 1,637 let the plane cut the elements OA and OB, of the curve 


at M and S, respectively. Project S, down to s’, in plan-giving one point 
on the curve. With S, as center swing M, around and project down to 
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m’, in plan giving a second point on the curve, m’s’, being the major axie 
of the curve. 

To find the minor axis of curve, bisect MS, at R, and swing R, around 
to horizontal with S, as center-and project down to plan. Through R, 
draw radius 3, and describe arc with radius 3, about O’ as center. Where 
this cuts projection of R at 7’, project over to plan, intersectir.g the vertical 
plan projection of Rat71’. 0’ 7’, is half the minor axis. 

To find the projection of any other point as L, or F, proceed in similar 
manner as indicated, obtaining J’, or f’. The curve joining these points 
and symmetrical points below the major axis is an ellipse. 


Sa EEO 
LA ee 


' Fre, 1,637.—Surface cut by plane passing through a cone inclined to its axis—Ellipse. 


_ How to Read Plans 685 


Problem 15.—Find the curve cut by a plane passing through 
a cone parallel to an element of the cone as in fig. 1,638. 


- 


Fic. 1,638.—Surface cut by plane passing 
through a.cone parallel to an element of 
the cone—parabola. i 


Let the plane MS, cut element. AB, at L, and baseat F. Project F, down 
to plan cutting base at F’ and F”, which are two points in the curve. 

With F, as center and radius LF, swing point L, around and project 
down to axis of plan, obtaining point L’ in the curve. ; 


<a 
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Now any other point as R, may be obtained as follows: swing R around 
with F as center and project down to plan with line HG. 

Describe a circle in plan with a radius (=radius rr of cone at elevation of 
point R), and where such cuts the projection of R at R’; project R’ over 
to line HG, and obtain point R”, which is a point in the curve. 

Other points may be obtained in a similar manner. The curve is traced 


\ 
Seem ee en es ee ee oe, 


‘ 
Fic. 1,639.—Surface cut by a plane passing through a cone parallel to the axes of the-cone— 
hyperbola, | 
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through points F’,R",L’, and similar points on the other side of the axis, 
ending at F”. Such curve is called a parabola. 


Problem 16.—Find the curve cut by a plane passing through 
a cone parallel to the axis of the cone, as in fig. 1,639. 


Let plane MS, cut element AB, at L, and base at F. Project F, down tc 
plan cutting base at F’ and F”, which are two pointsin the curve. WithF, 
as center and radius FL, swing point L, around and project down to axis of 
plan obtaining point L’, in the curve. 


Now any other point as R, may be obtained as follows: Swing R, around 
with F, as center and project down to plan with line HIG. Describe a circle 
in plan with raatus 77’ (= radius of cone at elevation of point.R) and where 
this circle cuts the projection of R at R’, project over to line HG, and 
obtain point R”, which is a point in the curve. Other points may be ob 
tained in a similar manner. 


. The curve is traced through points F’,R",L’, and similar points on 
the other side of the axis ending at F”. Such curve is called a hyperbola. 


It will be noted that problems 1,638 and 1,639 are virtually 
worked out in the same way. In fact the text of one will apply 
to the other, the two cuts being symmetrically lettered, the 
only difference being the shape of the curve. 


Perspective Drawing.—This is the art of representing objects 
as they appear to the eye at a definite distance from the object. 
In orthographic (perpendicular) projection the views represent 
the object as seen when the eye is infinitely distant. Py the 
perspective method then the lines drawn from points on the 
object to the eye converge and intersect at the point of sight. 

Before beginning the study of perspective projection it is 
well to consider some of nature’s phenomena of perspective. 
These phenomena pecome more apparent when we attempt to 
sketch from nature. We notice that the size of an object dimin- 
ishes as the distance between the object and the eye increases. 


688 Haw to Read Plans 


| 


ci 


IE 


ra) 


F1&. 1,640.—Perspective view with vanishing 
point at side of drawing. 


Fic. 1,641.—Perspective view with vanishing 


point at center of drawing. 
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If several objects of the same size be situated at different dis- 
tances from the eye, the nearest one appears to be the largest 
and the others appear to be smaller as they are further and 
further away. 

At last the distance between the lines becomes zero and the 
lines appear to meet in a single point. This point is called the 
vanishing point of the lines, as shown in figs. 1,640 and 1,641. 

By closer investigation of a perspective drawing it is found 
that 

PICTURE PLANE 


PERSPECTIVE 
PROJECTION 


Pic. 1,642.—Picture plane illustrating principles of perspective. 


1. The limit of vision is a horizontal line called the horizon, 
situated at the height of the eye. 

2. Objects of equal size appear smaller with increasing 
distance. 

3. Parallel lines converge into one point, called vanishing 
point. For horizontal lines this point is situated at the height 
of the eye, that is, it lies in the horizon. 

4. Vertical lines appear vertical. 

5.. The location of the observer’s eye is called the point of 
sight and is located in the horizon. 
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Fic. 1 ,643.—Perspective of a prism by means of plan and elevat 
tive of any point of the object, for instance B, draw the visu: 
to P; and P:, 


ion. Toobtain the Perspec-~ 
respectively. From the point of intersection b, 
‘ 


al ray in both plan and elevation, 
in the picture plane (in plan ang 
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When an object in space is being viewed, rays of light, called visual rays, 
are reflected from all points of its visible surface to the eye of the observers. 


If a transparent plane, fig. 1,642, be placed between the object and the 
eye, the intersection of the visual rays will be a projection of the object upon 
the plane. Such projection is called the perspective projection of the object. 
The plane on which the projection is made is called the picture plane. The 
position of the observer’s eye is the point of sight. 


This principle is illustrated by models where red strings represent the 
rays, piercing a glass plate, 


Perspective by Means of Plan and Elevation.—This method 
of perspective can be put to practical use if we obtain a perspect- 
ive projection in plan and elevation and then proceed by 
orthographic projection to obtain the perspective. 

Fig. 1,643 shows in plan and elevation, a prism, its front face 
making an angle with the picture plane. Asa general rule, the 
object is placed behind the picture plane with one of its principal 
vertical lines lying in the picture plane. P, is the point of sight 
(the observer’s eye). Its distance A, from the picture plane in 
plan depends a great deal on the size of the object and it is 
-mportant that the best viewpoint is obtained. 


If a house about 40’ high is to be sketched, the point of sight should be 
taken about 80’ from the picture plane. A good rule to follow is tomake this 
distance about twice the greatest dimension. When large objects are to be 
represented the best results are obtained when the point is taken nearly in 
front of the object. 


The distance of the horizon from the horizontal plane equals the height of 
the eye above ground and may be taken = 5’ — 3”. For high objects this 
distance may be increased and for low objects decreased. In our case it is 
shown slightly above the object. P: is assumed on a vertical line half way 
between two lines dropped from the extreme edges of the diagram. This is 
not necessary, but it usually insures a more pleasing perspective projection, 


Fic. 1,643.— Text continued 


elevation) project perpendicularly and thus obtain the point Bi, as perspective picture of the 
point B of the object, In this manner all the other points of the perspective are obtained. 
This method of construction 1equires no further explanation and may be applied wherever 
plan and elevation is obtainabie. ; \ 
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The method of obtaining the perspective is explained under the illus- 
tration. 


Perspective by Means of Two Vanishing Points.—An exam- 
ple of this method of perspective is shown in fig. 1,644, which 
illustrates a rectangular prism in plan and elevation resting upon 


VA 3° Vanishing Font far lines fab 
“ a « Pg ae 4 ad 


FPe Point of Sight in Plan 
a2 0 @ «. «#Llevation. 


Feture Lean 


Fic. 1,644,—Perspective of rectangular prism by means of two vanishing poiats. 


a horizontal plane. 
The first step will be to redraw the plan, same as with the first nyethod! 
behind the picture plane in plan, with the vertical line ae, lying in the picture 
plane and turned so that its long side makes an angle a (30°) with the picture 
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plane. The point of sight P» is at a distance H, above the fioorand is located 
at the same height as the horizon. 

Next, find the vanishing points for the different systems of lines in the 
object. There are three systems of lines in the prism. Vab and Vad, are 
found by drawing lines P,B and P,D, through P, parallel to ab and ad of 
the diagram and dropping vertical lines from the intersection of these lines 


Fic. 1,646.—Perspective of a prism by means of one vanishing point. 


with the picture plane (B and D) to the horizon, giving the vanishing points 
Vab and Vad. ‘The third system of lines embraces the vertical lines which 
are drawn actually vertical and not converging towards one another. 
The edge ae of the diagram, being in the picture piane, is called the lin. 
of measures, as it appears in its true size in the perspective view, and from 
a and ¢ in the perspective view the lines will vanish at Vab and Vad, respect- 
ively, establishing by intersection with the vertical edges all points desired. 
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Besides this principal line of measures other lines of measures may easily 
be established by extending any vertical plane in the object until it inter- 
sects the picture plane. ‘This intersection, since it lies in the picture plane, 
will show in its true size and all points in it will show at their true height 
above the horizontal plane. 


If no line in the object should iie in’the picture plane there would not be 
any principal line of measures, and some vertical plane in the prism must 
be extended until it intersects the picture plane. 
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Fic, 1,647.—Perspective of a row of barrels by means of one vanishing point. 


Instead of being some distance behind the picture plane, the prism might 
have been wholly or partly in front of the picture plane. In any case, find 
the intersection with the picture plane of some verticz! face of the prism, 
This intersection will show the true vertical height of the prism. 


Perspective by Means of One Vanishing Point.—In this 
method the plan is placed with one of its principal systems of 
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horizontal lines parallel to the picture plane. This system there: 
fore has no vanishing point, and as the vertical system has no 
vanishing point, only the third system of lines will have a van- 
ishing point. 

In fig. 1,646, the vertical face of the prism lies in the picture 
plane and shows in its true size. Its edges are lines of measures. 

The construction of the perspective is easily apparent from 
the illustration. 

Another example of perspective by means of one vanishing 
point is shown in fig. 1,647. 


> 
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Architectural Drawing 


The instruments and materials used in architectural drawing 
are practically the same as for machine drawing. There are, 
however, a few additional materials needed in architectural 
work, as a tinting brush, water glass, color saucer, colors, stick 
of India ink, slate, ink well, and white drawing paper suitable 
for water colors. 

Architectural draughtsmen as a rule, use pencils of a much 
softer grade than those used by machine draughtsmen, but this 
practice is not to be recommended 


Architectural Practice.—At the first interview between an 
architect and his client, the general scheme of the proposed 
building, its location, size, cost, etc., are discussed. 

The client has in mind the general arrangement of the house 
and his endeavor to illustrate it by a free-hand drawing will look 
something like the crude effort shown in figs. 1,648 and 1,649. 
It is for the architect to obtain from this and from questioning, 
a general idea of what is wanted. The sketch will serve as a 
memorandum and during the interview the architect will add a 
few principal dimensions, as given by clients. From the infor- 
mation thus gained, the architect will prepare for the next inter- 
view a reproduction of the client’s rough sketch drawn to say 
“1/3” scale,” and add a perspective free-hand sketch giving an 
idea of the appearance of the building. The client can then 


Cc 
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get a better idea of how the building will look. These prelim- 
inary sketches are then talked over, and being drawn in pencil, 
are easily altered until something satisfactory to the client is 
obtained. After the client accepts these rough sketches as 


we ST 


RvTH 


NoRTa 


EAST 
Fic. 1,648.—Owner’s single line free hand sketch of proposed building. First oor plan- 


With this rough sketch and list of requirements the architect is ready to make preliminary 
pencil sketches, which are subject to revision before the final drawings are begun. 


representing what he wants, the architect then prepares working 
drawings usually made on 14” scale. 


Working drawings are drawings made to scale giving cll 
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dimensions and information necessary to the builder. These 
working drawings will consist of a plan of each flow and one or 
more elevations as may be necessary to indicate the vertical 
dimensions. The practice of calling these working drawings 


14X18! 


Fic. 1,649.—Owner’s single line free hand sketch of proposed building. Second floor 
plan. 


“plans’’ is ridiculous and should not be encouraged, because a 
complete set of drawings consists not only of plans but also 
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of elevations, and the building could not be built from the plans 
alone but both plans and elevations are necessary. 


Plans.—In drawing a plan, the essential parts are the outside 
wall lines and the positions of the interior partitions, irrespect- 
ive of doors, windows, etc. After the walls and partitions are 
indicated, the windows and doors, chimneys, stairs, closets, 


ABOLT 19 K20 
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Fic. 1,650.—Architect’s preliminary free hand sketch conforming to owner’s ideas indicatey 
in fig. 1,648. First fluor plan. 
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fixtures, porches and other details may be shown in their correct 
location. 


In both plans and elevation always work to center lines of 
windows, doors and like details, instead of working to the sides 
of them. By this method the work may be done more rapidly. 


Hints on Interior Arrangements.—The architect is usually 


BED RooMy 
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Frc. 1,651.—Architect’s preliminary 
in fig. 1.649. Second floor plan. 


free hand sketch conforming to owner’s ideas indicated 
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harmnpered in designing the interior by the suggestions of his 
client, which he must follow more or less. 

In general, the sizes of rooms and their location will be deter- 
mined by the requirements and the direction in which the build- 
ing is to face. The service for which the room is intended and 
the furniture. 


For instance the kitchen requires space for range, boiler, sink with drair 
board, table, etc. 


RTT ML 


Fic. 1,652.—Architect’s preliminary free hand elevation conforming with owner’s sketches, and 
showing tentative outline of roof. 


The bath room, if possible, should be located most conveniently for the 
plumbing installation. Most of the rooms should be rectangular in shape 
rather than square; the living room is often twice as long as it is wide. The 
following proportions will be found to represent general practice: 


Entrance hall at least 7’ wide 

Living room 14’ X 16’ to 18’ x 30/ 

Dining room 14’ x 14’ or 13’ « 15’ to 16’ 
_ Pantry at least 6’ wide 
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Kitchen 10’ x 12’ to 14’ x 16’ 
Bed rooms 10’ X 12’ to 14’ &-18’ 
Bath rooms 7’ x 10’ or more 
Passage halls 3’ wide or more 


Walls.—As usually constructed, outside walls of brick houses 
are 9” or 13” thick with 2” inside for furring and plastering, or 


Fic. 1,653.—Development of plan of first floor. J. First draw main walls and partition 
showing them by two lines spaced to given thickness, extending them entire length irrespec- 
tive to doors, etc. Similarly draw extension at the left, also, piazza, showing thickness of Tail. 


” 
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they may be 9” brick and 4” hollow tile. Eight to 12” hollow 
tile walls are also used. The thickness of a frame building is 
made up as follows: 


[) 


DINING RQOM HALL 
(TJOX 2110" 11 6x 146 


LIBRARY 
aay 14 x17 8" 


EAST 


Fre. 1,654.—Development of plan of first floor. 2. Draw extensions for bay windows at M 
and S, erasing the wall lines previously drawn between the limits of the bay windows. Indi- 
cate the positions and correct widths of all doors and windows, locating them by center lines 
when coming on the axes of rooms or halls. Locate outline of chimneys as at L,A,R,F 
Show stairs to second floor. These must be figured out and drawn according to the height 
of ceiling for risers and number of steps. 


a ~— rl t—st—e 
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studding 4 ins. 

sheathing 4-in. 

outside finish 1 in. to 1% ins. trim 
inside finish 1 in. 


* thickness of wall 7 ins. 
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Fic. 1,655.—Development of plan of first floor. 3. The drawing shown in fig. 1,654, is com- 
pleted by sketching in all the details, of windows, doors, showing the way they swing, etc., 
and putting in all the dimensions necessary for the builder, indication of materials, etc., 
the drawing after this is done, having the appearance as here shown. K, dumb waiter; B, 
cellar stairs L,ARF, fire places; D, pantry to hall; EE, sink and drain board; F, porteir 
openings; G, sliding doors; H, lavatory. 
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Interior partitions are 6 ins. thick for main partitions and 4 
or 6 ins. thick for closet partitions. 


Doors and Windows.—These should be made to conform to 
standard sizes, which in widths are 2’ 8”, 2’ 10”, or 3’ for main 
rooms; 2’ 4”, or 2’ 6” for closets. Double doors are 4’ to 5’ 6”. 


=] 


“ MASTER ROOM 


ieee 


Fre. 1,656.—Finished plan of second story. This is drawn similarly as explained im figs. 1,653 
to 1.655. 
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Interior doors are 6’ 10”, 7’ or 76” high. Outside doors are 3’ or 3’ 2” 
wide, and 6’ 10” to 7’ 6” high. 


Stairs should be at least 3’ wide, treads 10” and risers 714” or slightly less. 
Rear, cellar and attic stairs may have 9” treads and 8” or 814" risers. 


Chimney flues may be 8” X 8”, 8” & 12", or 12” x 12”, according 
to the amount of draught required. 


Windows should be approximately 3’ 2” wide, 3’ 6” to 4’ se if an outside 
architrave be used. 


Provide plenty of windows and have them large, as ang will make a 


ELEVATION NON PLANS o 


y FIN ISHED GRADE LINE 


Fic. 1,657.—Development of east elevation. i. Draw finished grade line and vertical axis 
through center of house as obtained from fig. 1,653 being there represented in plan as the 
intersection O, of MS, with LF. 


house more attractive than plenty of light. Insome statés the law requires 
that school rooms have 20% of light area. 


Chimney Flues.—The general proportions for chimney flues 
eS) KOO ade Otel 4 lo: 


Elevations.—The general heights for ceilings are: first story, 
9’ or 9’ 6”; second story, 8’ 6” to 9’; cellar 7’. 
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Floor joists are usually 2” x 10” and are covered with 1” rough flooring 
and 1” finished flooring. 


The lath and plaster on the ceiling is 1” thick, making a total of 13” taken 
up by plaster, joists and flooring. 


Attic floor joists may be 2” X 8”. All floor joists are set 16” on centers 
so that 4’ lath joists will break properly, Rafters are2” x 8” or 2” x 10” 


e/ 


ELEVATION 


I | -GRADE LINE Las 


f- BASEMENT 


fic. 1,658.—Development of east elevation. 2. Lay off at the side of the drawing the principal 
vertical dimensions A,B,C,D,E,F,G. These show distances between floors, depth of base- 
ment, height of first floor joists above grade line, and height of roof. Draw vertical lines 
HI, and JK, indicating sides of building and block in roof outline. Indicate space taken up by 
flooring joists and ceiling for each story by light horizontal Parallel lines. Note that the 
dimensions extend to floor levels, hence draw ceiling lines below with the proper spacing. 
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set 16, 20, or 24 ins. centers. If they are to be plastered they must be 
cross furred with strips set 16” centers. 


Exterior Details.—The dimensions from the floor lines to 
window sills (top of outside masonry sill) should be approxi- 
mately 2’ 3”. 


The usual lengths of window panes for the first story are 28” or 32”, 
making the openings 5’ 6”, 5’ 10”, or 6’ 2” in height bea 2” reveal of frame 
be used, and higher if an especially wide architrave is used. 


The second story windows usually have 26” or 28” glass, making the 
total height of the openings 5’ 2” or 5’ 6”. 


EAST 
BASEMENT 


1c. 1,659.—Development of east elevation. 3. Transfer from plans figs. 1,655 and 1,656, 
measurements for vertical line of windows, doors, etc., by marking them off on a strip of 
paper and reproducing them in the elevation above by line of indefinite length. Draw in the 
center lines lightly, as they will be found useful in working out the details of the windows 
and doors. Draw piazza floor and piazza roof lines. 
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Kitchen, pantry and bathroom window openings are usually less than 
stated above in order to have the sills set at a higher level. 


These dimensions are given as a guide for laying out work, and of 
course may vary slightly with peculiarities of design. 


Kitchen window sills are usually 3’ 0” to 3’6 “above the floor line. This 
distance is to the top of the outside masonry sill. 


EASY ELEVATION 


Fac ¥,660.—Deveiopment of east elevation. 4. Work up details of windows, door, piazza, 
railing steps, basement lattice work, etc. Indicate principal dimensions, construction notes, 
etc., thus completing the elevation. 


The widths of windows and doors was noted previously under the head 
of Plans. 


The usual heights of outside door openings are 6’ 10”, 7’ 0” and Te Cos 
Im public buildings these may be made higher. 


The window sills of masonry buildings are made of 5” or 744” stone, or 4” 
brick set on edge, witha cement wash. Heads are 714”, 10”, or 12” stone; 
\\ 
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or brick ground to the proper radius; or 8” and 4” brick set on edge; or they 
are made of 8” or 12” brick segmental arches. All may have brick or stone 
key stones and skew blocks, according to design. These should project 
214” or 5” above the top of a flat arch, and if the cornice bed mould come 
directly over the second story arches, either one or two courses of brick 


stretchers should show between the top of key block or arch and the bottom 
of the bed mould. 


Fres. 1,661 and 1,662.—Detail of double door east side, and windows. 


Door openings have 5” or 6” stone sills. 


Door and window openings of frame buildings usually have a 4” or 4 “a 
plain or moulded outside architrave, and 2” wood sills. 


Slate and wood shingle roofs, to be free from leaks, should have at least 
30 degrees pitch, but seldom more than 45 degrees. Tin and slag roofs 
are kept flat, but with a pitch of not more than 14” to the foot. 


Show rafters or brackets are spaced approximately 24” on centers. Porch 
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floors should-be 3” to 6” below the floor of the house. Porch rails are approx- 
imately 2’6” high. Columns and steps have been previously noted under 
the head of Plans. The height of porches should be 8’ to .9’ 6” from the 
floor of the under side of the plate or cornice soffit. Water tables are of 
stone, or brick on edge, about 8” to 12” in height. In frame structures they 
are of wood. 


General Draughting Procedure.—With the small amount of 
data usually given by the client it can be readily seen that 
much depends on the ability of the architect to carry out his 
work rapidly: and efficiently. He can only do this by having 


Pres. 1,663 and 1,664,—Side and end view elevations, showing detail of piazza railing and cole 
umn construction. 


a thorough and broad understanding of the eubiecte Above all, 
he must follow a definite system of drawing, blocking out the - 
important points first, and filling in details afterwards, as shown 
in the accompanying illustrations. This method is easier, 

quicker and more comprehensive than the method adopted by 
some student draughtsmen who early in the work labor over 
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unimportant details, almost to the utter neglect of the more 
essential parts of the drawing. 


In the accompanying illustrations (figs. 1,648 to 1,670), the 
student will proceed with the plans and elevations almost line 
for line the same as the professional draughtsman would do. 
This method should be used for working out all drawings 


SECOND FLOOR 


a WANTED 


Fics. 1,665 and 1,666.—Detail of construction. Fig. 1,665 elevation showing foundation, sill, 
piazza beams and surrounding brick area under piazza; fig. 1,666, second floor rfbband joist 
support. 


feiecther for small or large buildings. The only differences are 


in the size, the arrangement of the rooms, the location of 
partitions, etc. All drawings should of course, be first care- 
fully drawn in lead pencil, and then et as carefully “inked 
tye \ 
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in drawing the elevations, usually each side of the house is 
shown on the drawings. 

The front elevation is made the most elaborate because the owner wants 
ta see how the building will look when completed, especially from the 
street. Accordingly in this elevation the materials are shown. If the 
wails be shingled, indicate by lines that there are shingles, not by cover- 
ing the entire front, but with patches here and there over the entire front. 


Fics 1,667.—Plan of roof frame. 


'Jadicate the brick or concrete of the foundation in the way 
rust mentioned. Show type of windows and correct profile of 
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cornice; the general design of the front door, porch and steps; 
indicate glass in door whether double strength, plate or beveled 
plate glass. By observing these suggestions the owner can see 
at once just what materials are used and the general appearance 
of the building from the front. 


Fic. 1,668.—Detail of cornice. Cor- 
nices are made in great variety. 
In this detail is shown a strong 
simple method of construction. 
The rafters is continuous, notched 
over the 4 X 4 plate. Itsend cut is 
of two angles, onéata right angle 
to itslength or pitch for receiving 
the crown moulding and the other 
at right angle to side of building to 
receive the corona of cornice, which 
also is nailed to an outrigger. The 
section alsoshows how the outrigger 

or ceiling furring is nailed to foot of rafter, and secured to house by acleat or piece of furring 

being nailed to sheathing at the point necessary to align the whoe'to a level. To the under 
side of this furring is nailed the ceiling boards completing the plancher. The vertical dotted 
lines through rafter to roof boards show sheathing boards cut in tight between rafters. It 
is valuable for closing off draught, retarding spread of fire and mice travel. By reason of 
shrinkage of lumber leaving open joints, a large amount of cold air mav be drawn into, the 
house if this space is not closed, carrying cold air into the attice. By reason of gross errors 
or omissions such as inferior construction of floors and sills of many wooden houses an air 
duct.is formed from the cellar to roof and with this space open is accelerated, carrying much 
cold air into the house, greatly increasing coal consumption, and endangering health by 
draughts. The 18’ to 24° breast or side wall above floor and the 45° pitch of rafter gives 
ample space for finishing top or attic story rooms. , 
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.—Interior wood work in main hall. 


Fic. 1,669 


Fic. 1,670.—Detail of piazza construction, second floor. 
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Crossing of Lines in Architectural Drawing.—This almost 
universal practice among architectural draughtsmen does not 
epresent carelessness due to haste, but is a studied effort on 
the part of the draughtsmen to produce what they call a “crisp, 
snappy’ drawing. Some one originated the idea, then another 


SUPPOSED Td Be CRISP OR SNAPPY” 


. Fics. 1,671 and 1,672.—Comparison of the two styles of architectural drawings. 


imitated it, and then they all thought it was the thing to do. 
The author fails to see anything “‘crisp’’ or “‘snappy’’ about this 
mode of drawing and does not recommend it.* Also, it has the 
appearance of a method to employ inexperienced labor. 


*¥NOTE.—To be original is more commendable than being simply an imitator, and were it 
not for the fact that most of us are slaves to the power of suggestion, more progress would be made. 
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Fic. 1,673.—Teinple of Diana Propylaea at Eleuses iliustrating the characteristics of Greelv 
architecture in its simplest and best form, ‘gost 


HEH 


Ei HL 


Fic. 1,674.—The Parthenon at Athens showing use of Greek Doric order and the relation 
of its various parts, ; 
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Orders of Architecture.—A great many fundamental princi- 
ples of architectural design are due to the Greeks and Romans. 
They originated proportions for every part. Adopting some 
unit, the building was designed and erected according to this 
unit. They had certain arrangements of a cornice, a column, 
and a base which have been handed down for ages. All of the 
parts had certain relations to one another in size. This combi- 
nation is known as an “‘order.”’ 

There are, in general, five of these so called ‘‘orders’’ of 
architecture. 


i Pascan 
24." Dorie 

3. Ionic 

4. Corinthian 
5. Composite 


Strictly speaking, however, there are only three, because, 
according to Vignola the Tuscan may be regarded as a simplified 
Doric, and the Composite as a Corinthian modified by the 
Romans in an endeavor to surpass the Greeks. 

Each order has three main divisions: 

1. Entablature . 

2. Column 

3. Pedestal 


The entablature has three divisions: 1, cornice; 2, frieze; and 3. archi- 
trave, 

The column is divided into cap, shaft and base; the pedestal into the cap, 
die.and base. 

The entablature varies from 134 to 214 times the diameter of the column. 


The cornice projects from the face of the column a distance equal to the 
height of the cornice in all cases except the Doric order. 


The frieze is a flat band or surface, sometimes ornamented. The archi- 
trave may be made ofa single band, or it may be divided into a number of 
bands. The column has a capital or top, varying from a plain cushion to 
the elaborate cap of the Corinthian and Composite orders. 


720 Architectural Drawing 


6G 
4 
CORNICE an Sara PS ag =” 
a te MUTULE 
ii) ate METOPE 
FRIEZE | Sort Tie hicion 
| ig Seen 
arcHitRAve, °% ra ie 
Teka anicus 
- Giese 
> CNECKING 
aL FLUTED ASTRAGAL 
s u = Saas 
32 CINCTURE 
o w 
8 -—9—+| / rorus 
cared BE Got eee PLING 
: CORONA 
CAP LS : 


PEDESTAL 
a 
m 
oa 
= 
°o 


————______ __yt— BASE MOULD 


BASE 
PLINTH 


Fic. 1,675.—Doric order of architecture showing details. 
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Fic. 1,676.—Ionic order of architecture showing details. 
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1G. 1,677.—Corinthian order of architecture showing details. 
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GREEK ORDERS 

60 MINUTES= 

1 DIAMETER. 
ROMANORDERS’ Lt 
2 MODULE = 

1 DIAMETER. 

1 PARTS= 

1 MODULE. 


ov 


Fics. 1,678 to 1,683.—Comparison of Greek and Roman orders showing proportions and relative dimensions. 
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The shaft in some orders is perfectly plain, while in others it is fluted. 
All columns have a taper at the top. The shaft is carried up straight for 
44 of the height, and from this point it tapers. 


This tapering is called entasis. 


The shaft rests on a base which consists of a torus and a plinth, or a series 
of toruses called an attic base. The diameter of the column at the straight 
portion ts used as the unit of measurement for all other parts. 


The accompanying illustrations show the elements of the 
various orders. 
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CHAPTER 32 
Specifications 


By definition a specification is a definite, particularized and 
complete statement, setting forth the nature and construction of a 
detail of the thing to which it relates, and as applied to building, 
specifications describe briefly, yet exactly, each item in a list of 
the things required to complete an architectural contract. 


Great care should be used in writing specifications to avoid 
misunderstandings and disputes. Each item entering into the 
construction should be defined and described with such pre- 
cision that there can be no chance of misunderstanding or double 
interpretation. The language should be simple and brief. For 
the guidance of architects in writing specifications the American 
Institute of Architects has prepared a number of “Standard 
Documents,” and these (reprinted in this chapter) should be 
carefully studied and consulted by the architect in writing speci- 
fications. 


Specifications should refer to the form of contract of which 
they are to become a part. This saves repetition of statements 
as to liability of contractor, owner, etc. 


The following is an example of specifications as ordinarily 
prepared by an architect. 
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Specifications 
for 

a frame dwelling 
to be: built, for Wine es Of SPE, cae te Te eee 
inthe county Of {0 ee Bee eo and State Obie vain. neces 
omlot number :. 05275 Omther> qe: sideiof i 4 us & 
street in the city ~oc! borough: Of | 3. oxo he. , county of 
Sa ote 26 8 getater of “ys Chae Se ae These 


specifications relating to a set of drawings attached consisting of: 


1. Plan of foundation and basement 
2. Pian of first floor 
3. Plan of second floor 
4. Plan of third floor 
5. Plan of roof 

6. Four elevations 

(nine sheets in all) 

Detailed working drawings to be furnished as required, all 


of which are a part herewith, and are to be considered as Sabet 
with any contract that may be made. 


Height of Ceilings.—The following dimensions for these 
heights are: 


Se RHON GO) WCU. 3 a ora usieeae ee seeker oes 8’ clear of finish. 
First’story to be... .. >. TAR 10’ between timbers. 
Second story to. BS nlv acces oon 9’ between timbers. 
Thitd-story 00 be yuan escent 12” on the breast at plate 


to under side of rafter and 8’6” on whe level’ ceiling. 


Interpretation of Drawings.—For arrangement of floors, gen- 
eral finish and measurements reference must be made to the 
drawings. Should, however, any difference appear between the 


* 
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scale measurements and the figures, or between the wording of 
the specifications and the lettering on the drawings, the figures 
shall in all cases take precedence of all. 


Should there become apparent any error that is not explained 
either by reference to the drawings or specifications, the con- 
tractor shall refer them to the architect for correction before 
proceeding with the work. 


Conditions.—The contractor must see that all the works of 
said building are performed in a thorough, workmanlike and 
substantial manner by competent mechanics, also to furnish 
all materials the best of their respective kinds, labor, imple- 
ments, cartage, etc., if not otherwise specified. 


The house is to be all enclosed, blinds hung and all shut in before any 
plastering is done unless the season will warrant it. All painted parts of 
exterior to have priming coat of paint as fast as ready. The succeeding 
coats must not be applied within 7 days of former, and then not in wet or 
freezing weather. 


All the partitions are to be set, lathed and made ready for 
plastering which will not be done until after freezing weather 
unless suitable arrangements can be made to prevent its 
freezing, in which case no fires will be allowed that will smoke 
the walls, nor must the temperature rise above 70 degrees 
while the walls are wet. 


Protect all work while the building is in his hands, remove 
all superfluous materials or rubbish and not obstruct the 
grounds around foundation so that teams can get near the 
same for grading and filling in as soon as foundation is up. 
Leave a!l clean and perfect at completion of contract, a copy 
of which is made a part herewith. 
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Figures are to take precedence of scale measurements. 


Mason’s Work.—Excavate to the length, breadth and depth 
required for the feundations as shown on drawings. 

The top soil to be removed separate and placed in a sepa- 
rate pile from the other excavated materials, 25’ away from 
the excavation where directed. And also for aseptic tank and | 
overflow 75’ from foundation and near the bulkhead as will . 
be directed, containing 28 cubic yards; to be built with con- 
crete, with bumpers, drains, etc., all of which is set out in a 
special plan for same, including overflow tank. 


The main tank must be waterproof. The overflow need not. 

It shows that the tank shall be connected to the house-at a 

point below the lowest fixture and below frost ‘line with a 

uniform declination of not less than 12” to 20; to have a run- 

_ing U trap back-aired outside of it at a place to be desig- | 
nated, with back air protected. 


Drain to be of 6” socket jointed salt glazed tile laid in 
tight cement joints. All other details with plan. 


Foundation.—To be built as shown of good hard burned brick 
on 16” foot walls under 12” walls and 12” foot eae under 8” 
walls. 


That part of foundations showing to be faced with 


cheapest gray pressed brick, either mottled or plain. Mortar 
in joints colored a deep brown. 


Build proper foot walls under ali partitions in basement 
Piers of sizes shown, gray brick on base of three step courses, 


Specifications 729 


Chimneys.—Build two chimneys as shown, same size and 
shape. For all exposed parts of outside chimney and for topping 
out use Sayre & Fisher’s No. 47 rock faced gray pressed brick. 


The fireplaces in parlor, dining and bed rooms to be faced with same 
brick, smooth inside of fireplaces, revealing 8” on sides and 24” at top. 
Color joints, straight arches on strong angle irons unexposed. 


Fire brick backs. Spring trimmer arches for hearths to be laid with same 
selected brick. All flues to have tile lining, proper chimney pots and clean 
outs, including two pots in bed rooms. 


Mortar.—For all brick work the mortar must be mixed in a 
manner to make the best possible job. The following propor- 
tions are approved for lime mortar, 2 bushels of stone lime to 
6 bushels of clean sharp sand, and for cement mortar by adding 
1 bushel of Portland cement to above proportions. Use cement 
mortar in all brick work. 


Lathing.—All walls, partitions, ceilings and all studded and 
furred places in all four stories and under all staircases to be 
lathed with best spruce lath set 3%” apart and nailed to every 
stud, all laid horizontally and joints broken every 18”. 


No lath allowed to pass from one room to another behind studding with- 
out corner nailing. The lather to call upon contractor who is required to 
furr and straighten all surfaces before lathing. 


Plastering.—The walls and ceilings of all rooms, halls, closets 
and under stair runs to be plastered with two coats of King’s 
Windsor cement, to true and sharp angles. 


All rooms and halls in first and second stories to be finish coated in sand 
finish (or smooth at option of owner). All rooms in third story, kitchen and 
pantries, bath room above tiling and all closets throughout to be hard 
finish of King’s Superfine plaster. Sand finish to be composed of 1 bbl. lime 
putty to 1 of white coarse sharp sand and 1 of King’s Windsor. 
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All exposed corners to be protected with ‘‘Woods”’ steel corner or a like 
approved substitute. 


Tiling.—The floors of bath rooms will be tiled with 3” x 3” 
octagonal and 1” square N. Y. vitrified tiling, colors selected. 


The side walls wiilbe tiled 4’ high of plain white glazed 2144” x 4” moulded 
base and nosing, narrow tinted stripe at top of sanitary base and under 
nosing. The floors will be properly prepared by the carpenter by setting” 
rough floor 14” below top of floor beams. All tiling will be set in Keene’s 
cement, and the floors finish flush with wood finish floors. 


Other Floors.—There will be a concrete floor in furnace room 
in shop and in area from west end turning east end to cross wall. 
First there will be a concrete bed of gravel 2 parts, sharp sand 
2 parts and one part hydraulic Portland cement, tamped to 
level and finished over with 5/,” to 14” with one part each of 
said clean sand and cement compound troweled to a smooth, 
true and level surface inside floors level with other floors. 
Kitchen hearth built in the same manner. 


Coping.—There will be 4” caps of blue stone on all piers show- 
ing them, edged on four sides, 3” larger than piers. Cope area 
walls which are to be 8” with 2” x 10” blue stone where circular, 
fitted to radius. Do all patching and pointing required to per- 
fect the work after the carpenters are out. . 


Timber.—All timber to be thoroughly seasoned, merchant- 
able, square and straight and free from imperfection that will 
impair its durability or strength. All to be hemlock unless 
otherwise specified. 


Framing.—This to be balloon style, put up in-the best man- 
ner. well anchored, braced and strapped. 
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Headers carrying more than one tail beam to be doubled. Girts to be 
let into studding, all floor joists notched over same and spiked to studding. 


Where required, there will be trusses built according to architect’s 
directions for supporting beams over wide openings. Header beams:to be 
hung in iron joist hangers. Frame so that sheathing will be flush with foun- 
dation wall. All mouldings to be mitre-spliced and mitred at angles. Ne 
butt ends showing in finish. 


Timber Sizes: 


SHS s.00 sR see Ase On 

Girders....... aE Oe CoS) 

PRLS hea ek 4” : 6” backed with 2” x 4” or 
built-up 

Main plate.......... 4” & 4” (2” & 4” doubled) 

Rafter plate....:.... 4” x 4” (2” & 4” doubled) 

Studding (general)...2” « 4” 

Closet studding...... Dak as 

Grintecnin ls Se Fok 1144” X 6” spruce 

Main rafters......... ZG 

Dormer rafters....... 27 aay. 


Ridge boards......114” x 8” spruce 
Basement floor beams 2” x 6” 

First floor beams.....2” 10” 
Second floor beams...2” « 10” 
Third floor beams....2” * 10” 


Third story ceiling 

beams sr teests are 2 -6"-and 2” <4” 

Veranda 

Sls aie mea eho kai 2” x 8” doubled 
Cfoss' sills oar Sea vx PH ie eho wl 
FOOT OISIS: os hese Dn ESE: 
Raters sienna, : DCO wali as aca 
Ceiling joists........ ate se 


Cornice plate framing 2” « 4” 
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Spacing and Bridging.—Place all studding, floor and ceiling 
joists on 16” centers, except basement floor and piazza floor 
joists. These will be.on 24” centers, also rafters. In every 
span of flooring exceeding 10’ there will be a row of 1 x 2 bridging 
or 2 < 3 doubled nailed each end. 


Partitions.—All to be set plumb, well braced and nailed 
studs at all angles and openings to be doubled, extra block a 
door openings for base nailing. 

All partitions not supported.below to be firmly trussed and braced. 


Ceilings to all closets to be furred down to within 12” of door head except 
in closets over 2’ deep. Trued grounds at top of base. 


Relative Hardness of Woods 


ShellsBark Hickory, 2: 2-100"! Redi@aten. | 0. (esse ciee ots 69: | Red Cedar. sion chest soxts 56 
{Sil 2a es Geetha Sea 96:| White-Beechan oss. ces on 65 | Wild Cherry....... aan 
WiteOalen, sanarctoevtrane 00) \NeaCke Wialliniattyatarctere fe re 657) Yellow-Pine ....4:..00en~. OF 
i Bron eA overs Us aeciRe ernie tho FO; | MERLAC aa IEC LN atateia ereverete tare G2. Chestirty ae... csteeareiete 52 
Soria Oakes ero) sic. ateys taxes Max | Mellow. Qaks w.:0s este nvss 66 | ¥eltlow Poplaries.¢ oo. se Dk 
White.Hazel... 6.6. c006% TO) Waite glen. <i .tonals twrstele ee 58, | Butternut oc; ego. cna 43 
ADDIE SE Tee te cere sieistetatersts TON Frard’ Maple tai. scctenrie aie 36: |) Winite BinGhcn ess. ove are 43 

: White Pines. 2 es 36 


Weight of Rough Lumber per 1,000 ft. B.M. 


: Green from Dr i i 
Pg Oh cod. Saw, lbs. Ibs. Sey lbs. Sey 

Chestinuties gcd shri ocdeeakeeonmene 4,600 ia a 3,500 3,200 
FIEMIOCI HRs. caatane 3s siateocucveant abe eee 4,200 3,000 Serine art: 
Hard’ Maple six ou.-5 fess oi tenteaia 5,400 4,150 3,900 3,400 
Red Oolek h.)4h ciruss canst ad ache reetnred 5,500 4,250 4,000 3,400 
NVIDILELOAKT en aiteranse s slatere roe FAP 5,700 4,500 4,100 3,600 
Ong eat Pine. so.4 cite winkeye ci 4,500 3,500 stiles ween a 
NWVIKIEGHEITION, tives thalet teas, avehars, neteas 3,500 2,500 2,400 2,200 
SHPTUCEs adie wise stove arian eee tints Ree 3,150 2,700 2,300. 2,200 
SY. CAQIONE Wrap las: eiene ala eceatehy taparener 4,750 3,200 3,000 err 
Biack VWalnutitusuten agnisnne renin 4,900 4,000 3,800 
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Lumber.—All lumber to be clear white pine unless otherwise 
specified. All exterior finish lumber to be the best second qual- 
ity free from large or loose knots. All inside finishing lumber to 
be clear and thoroughly dry. 


Sheathing and Sheathing Paper.—Cover all the exterior walls 
with 7%” matched hemlock, laid horizontally and well nailed 
to each stud, joints cut on studs or backed for end nailing, cover 
same as finish is set, with O. K. No. 3 mica building paper, 
well lapped and extending under all trim and around all corners 
to make a complete and tight job. 


Exterior Finish.—Windows, door casings, cornices, corner 
boards, water table, piazzas, brackets, band courses, etc., to 
be made to detail furnished for same. Stock mouldings used 
must be approved by architect. 


First story to be covered with best 6” Washington cedar lap bevel siding 
laid 414” to the weather, gables shingled. Corner boards set out showing 
114" X 7" pilaster. Circles shingled same as second story. Window casings 
214", front door frames and casement windows as per detail. 


Shingling.—Cover second story exterior side walls with 5” x 
18” No. 1 Jersey cedar shingles dipped 34 of length in Cabot’s 
No. 345 bleaching oil stain before laying. 


Retouch any fitted parts showing after set. Lay 514” to the weather, 
with 2” galvanized shingle nails. Cover all.roofs with 8” x 16” Pennsyl- 
vania blue slate laid in lath set specially, 7” to the weather. All hips and 
other parts requiring it to be made secure against leaks by proper use of 
slaters cement, and all proper flashings. 


An ornamental galvanized iron ridge crest will be placed on main ridge 
and tower, detail for same. 


Flashing.—Flash around chimneys, over all door and window 
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heads exposed to wet and where roofs join walls with Taylor’s 
old style charcoal iron redipped tin painted dark gray both 
sides before setting, same in all valleys and wherever required 
to secure perfectly tight job. Each side of valley to have water 
check turned up one inch, in the metal. 


Piazzas.—Cross sills to be strongly secured to house with floor 
joists framed to them so that flooring will run at right angles 
to house with an inclination of 14” to the foot, joining house 
so that door sills will rest on floor which will be the best No. 2 
1%” & 314” white pine or fir, well seasoned and free from sap, 

-Jarge or loose knots. 


(The flooring on circles to be without T & G ripped to the radius and 
jointed.) Edges (ends) to finish with rounded nosing on top with 1144” bed 
moulding under, steps as shown. Treads of 1144”, 12” wide, with nosing 
and 1144” moulding, nosing projecting 144” beyond ovolo. Risers %”, 
1014” from face to face, all strongly built on 2” carriages not over 2’ apart. 
Cover piazza ceilings, with 144” X 344" T & G beaded and center beaded 
yellow pine of the best quality, laid parallel with house with no joints show- 
ing one board apart on same line.or timber. 


Staved columns to be patent staved turned as detailed; to be 10% 
and of white pine and primed before exposed to weather; to have the usual 
round and square caps and base, 2” X 8” nosed cap rails set over 3” & 4" 
rail, bottom rail4” x 4”. Balusters !°/i16” x 2” set 114” apart, as detailed. 
The 2” way is the depth. Ceil under over-hang of all roofs same as piazza 
ceilings, immediately filling same with white shellac, afterward to be 
finished with two coats of Vernosite Spar varnish. The false brackets to 
be set after this finish, and no paint of brackets to touch varnish finish. 
Prime before set. 


Flooring.—First and second stories to have double floors, 
under floor of 7%” matched hemlock laid diagonally. 


First and second story finish flooring to be 5g” < 214" comb grain yellow 
pine thoroughly seasoned and blind nail laid over building paper. No 
joints in main hall and only one joint in run of boards in éther rooms of 
parlor floor. The parlor, dining room and halls of first floor to have borders 


Specifications 735 


formed of cherry and ash, best quality strip next to base of cherry, Parquet 
designs. To average 20” wide. basement floors-and third floors to 
be %” X 34%" N.C. pine. The first story floors to be cleaned and sand 
papered to a smooth finish for painter. 


Set hard wood moulded thresholds to all doorways, carpet striping to 
all rooms, cherry, beveled, 2” wide around hearths, and hard rubber tip 
door stops in base behind all doors opening against the wall, 


Window Frames.—These are to be of seasoned white pine 


made in the customary way with jambs let into sill; to be for 
114” sash, blind stop 5”, 214” casings, all fitted with invisible 
pockets, and 2” steel wheel ball bearing pulleys. 


Sash.—All sash to be pdf kiln dried white pine, made and 


moulded in the customar) way and as shown, and primed with 
oil before glazed. 


All to be hung and perfectly balanced, cast iron weights and hung with 
No. 8 Sampson spot cord. All sliding sash in first and second story to be 
fitted with Reading P. 668 bronze sash locks and 2 bronze flush lifts to 
match. 


Screens.—All windows that open to be fitted with the Jesty 


metal wire window screen, bronzed copper wire, set on blind 
stop. 


Glazing.—All sash and outside doors where indicated to be 


' glazed with double thick selected American flint glass. All hall 


'doors to be glazed with French plate, that in Dutch door 


, beveled. Cellar sash not double hung on weights to be hinged 
and fastened as directed. 


Blinds.—All windows to be provided with blinds 114” with 


rolling slats, made of best seasoned white pine, all to move freely 
after painted; to be hung with best automatic blind hinges 


(i 


736 Specitications 


— 


manufactured by R. P. Whipple & Co. Greenfield, Mass., or 
as approved. 


Door Frames.—All inside door frames of finished pacts of 
house, first and second stories, bed rooms and hall in attic to be 
of No. 1 clear white wood or fir, 114” thick, with moulded stop 
bead 4%” x 2”. 


Outside door frames to be rabbeted for doors. All frames to be flush 
with finish plaster and set so as to receive solid screw holds for all furniture. 


Doors.—Unless otherwise specified, doors to be of clear dry 
kiln dried white birch, free from sap, well made, blind tenoned 
and sand papered smooth, one and two panelled as selected, 
all 114”. 


Outside doors to be 134” thick. Front doors to be of design shown, 
mahogany and oak veneer, finishing 174” thick, bevel French plate glass, 
panel mouldings on both faces. 


Hang all doors throughout with loose joint ball tip butts of sufficient size 
to throw them clear of architraves. All over 7’ high to have three (3) butts | 
each. Ali inside doors of basement, second and third story, Japanned, 
ball tipped. dull finish iron. Those on first story and front doors to be 414” 
xX 414” ball tipped bronze. Dwarf doors to aave suitable butts and locks 
to match other furniture. 


Knobs, Roses and Escutcheons.—The front doors and all 
outside doors to have plain bronze ball knobs, one piece roses 
and escutcheons. All inside doors, dressers, etc., to have suit- 
able hard wood knobs, roses, escutcheons, etc. 


Locks.—Front doors to have 6” anti-friction lock with two 
keys, bronze front and striking plate. and to each, two flush 
barrel bolts, coupling Dutch doors. 


All other doors to have good steel mortise locks to match furniture, 


Specifications 5 737 


Hang beth double swing butlery doors on double acting Chicago brass 
spring hinges. Sliding doors to have astragal front locks and striking plate, 
brass flush fixtures complete, hung on Richards-Wilcox trolley parlor door 
hanger. 


Furnish all nails galvanized and all such other hardware as shall be 
necessary to the true performance and completion of all the work. 


Interior Trim.—For basement and attic the interior trim to 
be white wood or fir. To be selected cypress for first and second 
stories except in main halls, dining rooms, parlor and living 
room, which will be of white birch. 


In the dining room and first hall and up stairway there will be a 4’6” 
panelled wainscoting, a 12” panel at top of long panel. A 5” cabinet plate 
shelf in dining room, the bottom member a picture moulding; to set and 
match with door head trim. Cabinet china closets shown to have leaded 
glass doors to a design, at a cost of 60 cents per square foot. 


Picture mouldings furnished by the owner to be put up in 6 rooms where 
directed. 


Stairs.—Main stair case all to be of Spanish mahogany | 
except the treads, which will be of quartered white oak, strings 
and treads to be 114” thick. 


Risers 4%” thick. Risers and treads to be housed into wall string and 
return-nosed over outside string. Rails 3” * 3” moulded, with ramps as 
detailed. Balusters 154” taper turned, three to a tread and proportionately 
more for increased widths. 


Newels and column newels to details. Run on first flight to be 10%” 
from face to face of rise cut (12” treads) second flight and basement stairs 
934” run, (1114” tread) greater widths to shapes shown, 


Other stairs from basement to third floor boxed in of cypress with yellow 
pine treads, 


' 


Mantels.—There will be three where indicated. 
The contractor shall figure $100 each ($300) complete, 
including linings, face and hearth tile, which amount shall be 
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allowed the owner to use at his, her or their option in the 
selection of same. . 

The whole cost to be figured in the contract price including 
the setting of the same by the contractor. 


Butler’s Pantry Dressers.—There will be a dresser where indi- 
cated with three glass doors above draining board, 10” deep 
inside, three shelves. 


The same in kitchen pantry. Below landing of dumb waiter build three 
drawers. Sink boards to be clear pine 114”, grooved with raised outer edge, 
apron under 4”, properly supported. 


Closet Shelving.—Trim on inside of closets to be plain; to 
average 10’ of 12” shelving to a closet, 6” clothes strip and one 
dozen clothes hooks, Japanned. 


Kitcnen closet and closet under kitchen stairs to have suitable shelving 
and sufficient pot hooks and other fixtures, 25’ of shelving in shop closet. 
Suitable clothes hooks under basement front stairs. 


Wainscoting.—Wainscote behind wash trays in laundry, 
in kitchen behind sink and draining board, butlery and pantry, 
4’ high with 5g” matched beaded and center beaded Cypress, 
finish with neat nosed 114” cap and 7%” cove moulding, this 
height may be varied at dressers and under windows. 


Coal Bin.—Provide coal bin as shown of 2” hemlock dressed 
on outside 5’ high sufficiently studded to be strong; to have a 
sliding door or slide that will admit of coal shovel, the same in 
bottom of laundry door with metal shod angle bottom edge.so 
that it will close down. 


; Coal chute to be built of brick as shown from edge of coping to opening 
in cellar wall. Construct a door hung at top outside for closing, fastening 
with proper inside operative adjustment. 
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Do all cutting and fitting for and finishing after pipe fitters and any other 
work that the plans may seem to call for not specifically set forth here, such 
as shingling side walls of conservatory, etc. 


Plumbing.—All necessary materials for completing the entire 
work as hereafter set forth, in a correct and sanitary manner 
are to be included in any contract made for the same. 


The plumber to comply with the requirements of the architect and give 
his personal attention to important features, and sanitary code of require- 
ments. 


Gas Piping.—The entire house to be piped with sizes required 
for the correct distribution of acetylene gas. 


Main to start from cellar where directed; to have center ceiling outlets 
in all the rooms of first and second floors and a No. 00 indicating number 
of lights. Basement, top floor and other side lights as shown. Furnish 
and set complete a 50 light 20th Century acetylene gas generator where 
directed in basement, connected with waste comp\ecte and guaranteed. 
Set fixtures supplied by owner. 


Electric Light Wiring.—Wires to be installed with same out- 
lets as gas, under and subject to the requirements of the Na- 
tional Board of Underwriters, using 3 point system switching all 
ceilirig lights of first floor, halls and piazzas. 


Water Pipes.— Water to be led from main in street to house 
through 7%” galvanized iron water pipe with level handle stop 
and waste cock within easy reach inside in cellar. 


Galvanized iron water pipe to be used on all straight line work; place 
hose bib cock on the main at a point near or against house for hose purposes 
both front and rear with cut off below freezing. Do all digging necessary 
for the laying of sewer and water pipes to house, no trenches less than 30” 
below grade at any point and to enter wall at a suitable point for intersect- 
ing with inside system. Earth to be well rammed as it is replaced. 


The soil pipes to the sewer (see excavations) to be put in by the plumber 
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and are to be perfect 5” salt glazed socket jointed tile pipe with running 
(U) trap and capped vent clear of grade near outside of foundation. From 
drain inside of foundation wall there will be a 4” cast iron calked and leaded 
joint drain and back air pipes with proper Y branches for other connections, 
including one for furnace connection and one for carbide waste. Where 
practical, no pipes will be run against outside wall; if necessary any such pipe 
or trap holding water liable to freeze must be cased in asbestos covering and 
packed with mineral wool to the satisfaction of the architect. 


All water pipes must have a gradual fall from the fixtures which they 
supply and open at lowest point for purpose of blowing out. 


All the cast iron pipe, both water and waste, must be perfect, tar coated 
and be put up in the stronge:t manner with iron hooks and stays and all 
necessary fittings. 


All vertical lead pipes to be supported with hard metal tacks soldered 
tu pipes and fastened with brass screws not over 2’ apart on finished pipe 
boards put up by carpenter. Horizontal lead pipes must be supported in 
a manner to prevent sagging and all of strength to carry 80 lbs. pressure. 
All joints between cast iron pipes must be properly calked with oakum and 
molten lead. 


All joints betwen lead pipes to be neatly wiped, not soiled or painted. 
In place of wiped joints the star coupler may be used but no cup joints 
willbe permitted. All joints between iron and lead pipes must be made with 
heavy brass ferrules same size as lead pipe and soldered to same. All 
pipes under floors to be installed and finished before floors are laid. There 
will be two lines of 4” vent or back air pipes extending above any window 
openings in roof screened at top, carrying other bath rooms, with all 
proper branches required for the different back air connections and works. 
Where these pipes pass through roof, a water tight joint must be made by 
lead flange flashing and are to be placed in concealed positions as far as 
possible. 


All other pipes to be concealed except in basement where carpenter will’ 
place 1” beaded pipe boards upon which is to run all water and service 
pipes. 

Boiler.—Finish and set on galvanized iron stand one extra 
heavy galvanized iron 65 gallon boiler testing to 200 Ibs. per 
square inch, supplied with water through a 5” lead pipe and 
connected with water back of range, which is to be furnished 
by the owner and set by the contractor, through 34” lead pipe 
and brass couplings. 
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Place shut off cock on supply pipe and a 34” sediment cock below con- 
nected by trapped pipe with nearest waste so as to empty and clean boiler. 


Take hot water from boiler to and over sink in kitchen and to all other 
fixtures except toilets with 54 5 pipe. Cold water to all fixtures through 
separate lines. 


Boiler to have a combination safety and vacuum valve on top. There 
must also be a strong 14” lead circulation pipe connected to hot water pipe 
at highest point and run down below boiler and there connected with sedi- 
ment pipe inside of sediment cock for the purpose of circulation of hot 
water. 


There must be no depressions in any pipe and hot water must be kept ris- 
ing from head of boiler. 


Kitchen Sink.—Fit up where indicated a galvanized iron 
pressed steel sink 18” < 30” set and supported in draining board 
as specified, same in pantry, boards of best 114” pine grooved 
and outside edge raised and rounded half inch. Butlery sink 
to be the standard make complete as per plate P1230 Standard 
catalogue, all supplied with hot and cold water through 14” 
brass faucets, those in butlery nickel plated, those for cold water 
to be hose bib. All to have 114” waste pipes to be trapped with 
114” Dubois traps. 


Wash Trays.—Provide and set where shown one three-part 
Alberine stone tub on galvanized iron legs, heavy ash rim and 
covers complete. 

Supply with hot and cold water with %" pipe and brass tray bibs (faucets) 


one for cold water threaded 1144” waste, Dubois traps, plugs and chains 
complete. All connected with soil pipe through 2” iron pipe. 


Bath Room Fixtures.—AlJ fixtures of Standard Mfg. Co.’s 
make, as illustrated complete in their latest catalogue. 


Basement ‘bath room: Paragon closet plate P851. Lavatory. plate P558. 
Tub plate P141 Keystone. Bath tubs to be the Perfecto plate P103, 5’6”. 
Other three closets to be the Delecto plate P804. Lavatory for third floor 
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bath to be the Everett plate P507, 22” x 27”. The two in second story 
baths to be the Copley plate P502, 18” & 27”. 


Before plastering is done all supply pipes must be proven perfectly tight 
by a satisfactory test and all left perfect at completion. 


Painting.—The whole exterior woodwork except shingles, to 

- be painted three coats with Devoe’s best ready mixed paints 

without adulteration. Should thinning become necessary in 

priming coat, only Luxeberry Calcutta oil shall be used. The 

colors, one for siding, trim, sash and blinds, not over five to be 
approved by the owner. 


ft . 

The shingles will be dipped or brush coated with Cabot’s bleaching oil 
stain before they are laid and all cuts showing, stained after set. All 
painted work to be properly puttied after first coat. Under roof projections 
and piazza ceilings; as soon as laid, to be filled with white shellac and second 
coated with two coats of Vernosite Spar Varnish, full body. 


For interior work, all mahogany trim to be filled with a paste stain filler 
to color desired and cabinet finished by a rubbed and second coat of Devoe’s 
best interior cabinet varnish, all other finish to be with Devoe’s stains in 
colors approved and two coats of their flat or Lacklustre finish, except in 
kitchen, pantry, laundry, furnace room and shop. These shall be varnished 
or painted at the option of the owner. All work must finish smooth and 
clean and all must be correctly color puttied before finishing. 


All the floors to be filled, with or without color, as directed, those of first 
story, including stair platforms and treads, to be wax polished and all left 
clean and perfect at completion. 

a 


Condition of Bids.—The owner reserves the right to reject 
any or all bids. ’ 
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THE STANDARD FORM OF AGREEMENT BETWEEN 
CONTRACTOR AND OWNER 


ISSUED BY THE AMERICAN INSTITUTE, OF ARCHITECTS FOR USE WHEN A 
STIPULATED SUM FORMS THE BASIS OF PAYMENT 


The Standard Decuments have received the approval of the National Aasocia- 
tion of Builders’ Exchanges, the National Association of Master Plumbers, the 
National Association of Sheet Metal Contractors of the United States, the 
National Electrical Contractors’ Association of the United States, the Nat- 
ional Association of Marble Dealers, the Building Granite Quarries Associa- 
tion, the Building Trades Employers’ Association of the City of New York, 
and the Heating and Piping Contractors’ National Association, 


Turd Eprrion, Copyricrt, 1915-1918, sy THE AMERICAN INSTITUTE OF ArcuHITECTS, THE’ OtTacon House, Wasuincton, D. C, 
Tas Form ts To BE Usep ONLY Wite tH STANDARD GENERAL CONDITIONS OF THE CONTRACT 


THIS AGREEMENT nate the. 2-ime eae 


Pay Of. .vcscesscsseooes.o0.---.in the year Nineteen Hundred anda .....:..cccccecesccsesecceenose es 
by and Rerwgen Mes. tected ee Md helene aia ee = 
OO Ee ee nee nh eee NC eee ene See LA a 
hereinaftericalled-the: Contractors andi 2. cakes ed ea eee aiiee 


hereinafter called the Owner, 


WITNESSETH, that the Contractor and the Owner for the considerations 
hereinafter named agree as follows: 


Article 1. The Contractor agrees to provide all the materials and to perform all 


the work shown on the Drawings and described in the Specifications entitled 
(Here |nsert the caption descriptive of the work as used in the Proposal, General Conditions, Specifications, and upon the Drawings.) 


acting as, and in these Contract Documents entitled the Architect, and to do 
everything required by the General Conditions of the Contract, the Specifications 
and the Drawings. 
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Article 2. The Contractor agrees that the work under this Contract shall be 


i COm pleted sen eee ay a tee dan wna hececs atnate taetteres epee ee 

substantially P (Here insert the date or dates of completion, and stipulations as to liquidated damages, if any.) 
' 

Rosen araalcbanestaoese soe neon genet so han nat ana ok aRe seen eR ReneS ONueh nd pnven Usa tock paa dak a: ee RASuRn ah ees See anewmeen tacoma uuehreed ee edece os 


Article 3. The Owner agrees to pay the Contractor in current funds for the 
performance of the Contract 


Bee 0 at we ee me new en eter ence nse ne acnn ene nsenececenssesureceasecenensnecdeesesneneaecesnsretccccenenscccucsensaccascccucecccesecscesscccence: - 


PRA OT = tes Gy Wns tabs boats i eae ass ok ang) (A. veneer t? Bre aubect 
to additions and deductions as provided in the General Conditions of the Conte: 
and to make payments on account thereof as provided therein, as follows: 
‘Onvor-about. the: ioc eee day of eachamonthtia oe oe eee iS 
per cent of the value, proportionate to the amount of the Contract, of labo: 
and materials incorporated in the work 


PAVOPCNES) CO} one cnaccasssnemeatecneenesee per cent of the contract price, and............-0+ 2 
Sere rencnienl days thereafter, provided the work be fully completed and the Con- 
tract fully performed, the balance due under the Contract. 


ater eeeeeeneneenmenesson 
O00 pmo ncanas asencn sv oncsecmeduveccennenecnancatauvedancseccenansnassunccsseenecesceacecccencuersuncucsGccturencsenstsssesecreasoucecesboce: a 
1eencbsececcerescn sens saccnssst cocseccnesepasesscnnssascncbeecsenenstccecsncescecsevecsececensconntecsssecersasqcnqsencs cous ecccesne, waedeccsen 
Seeman menanamawes ta nereeesssnsecsssemncoucnupevecnsepennnesssesess PRON Ey ea enenet enon ene earsenarsteceneregne ineeccssmmmeccenenes, seeeecscocaes 
Meee center enensons sees Pen eeenrerslenseecerereeawapennnnwasnneenepevengesecnssesseseeeeyerenatenees ED es. 2. sO enerrnemececsenmnonese 


Specifications 745 


— 


{ 


Article 4. The Contractor and the Owner agree that the General Conditions of 
the Contract, the Specifications and the Drawings, together with this Agreement, 
form the Contract, and that they are as fully a part of the Contract, as if hereto 
attached or herein repeated; and that the following is an exact enumeration of 
the Specifications and Drawings: 


Ceence~ecccrencccee senescence sncsscnconsensenscscnsesseras qaedebenmrosces Nessasvccescosensasacacacncsseacacbsaseaoccascvecsestset ssescsces 
Geveccccsccsccccsccncdecccvenconnaccnccqeccccnnnanscenccncncanecnennannancnnancanacncacncnsanaccanscssssccosscensaclesetntcocsccscagceces < 
eAnnnnneneeneeenencennsecaracnensnenneesenensns nenesauencenasaecsanacsnencnnatcerennencacecssrsnseescsesaeausenssthuetscawecnaseeneseee: << 
Mmensncsanrenctsncnnse-ncncccnscersscccccnsccecsccccscceuececcesencnncescencsnceucacsecssesccnsctcccsncnsensenseaccasescansecege sence cose: -. 
Amscceeeees beneaceccwsccensnnanannccusascacbucccansncsnencunscnsacachosvccssncvencecsecascsncncanssanssennuasseccaccacesoasscocss vovecee: aoe 
eure wpe ec eemeneee met ones nacacnasnannncnaccceccncdccncnscnbecensecsancsnenenescencesnanarananssnsncensnsccenacaasapecoossevowcessescesens: - 
santa na—ann enna an annnesenne=-seecarnacancegen---ssesncenvceessstsnce! (peperrererrrrrerererterrrrerrrertttrirttrirt ire Soi ~ 
Reeeescceeeseescenesecencsennesscrnsnecenecrecenenssnencneaseanansccceecneccanenseneaccceensaseccnnsenseansnasenenanscaessnessesysssearesaes 
ddceresacssvecccucsconacncepsinscnecsassesnccenssvoscasenccacasssonccscnnsccnmensecesarssccnccsnsceseaussensccsancccncsseneTeseverssanseace:s 
Weeeeccscccceceewnncensnacrsscececevensscenetepenessnannnanaenonencensscascsececsteccnnnasncases-speqecsenenecessenesewareenes enna cna n anne 

’ 
teccnccanccseucaserecsciacssacasesustsaseasoscesccntscnccesacensreveentounesssaeseccencasessheccovensneseccosese A eeaneceseesesounensansnen o 
peeuse sues samadnscbvoesasascaccancaascweubeesenacancusncenacunaceacassencuccennsseneysanvenssassesmpnnqroabeucascanagenssnvconcossusnosah aoe 
pti ewsevas sedaaprencretans¥aeesUian sdeuauwndeage sahunssansosadmmseenuaqacncuseusuthaversansecxaossuchnsensnsesesnsenernasadeonetepednen - 
Geccoceccecctcesencennbascnevagueccanescscenacacetecaneceraracascncsunsecescsanngccaassnnepnencanseccesacnecasncancncetesnownsnnsesncee 
edccccccneuccccseeccnemecnccncenmeassateecnsensnccanecseenesecnesenece=seansensseunnananaescenacacesecccnanccasnsancsscngrcogeessceacauen — 
paneveesqnncéaes eenccadGavadauecesudenscensnneedancnsébonsGancasbuanta=atnctCceusenceclhcnaeseace-senaeacnansencaranasasnesassasnecaswans a, 
se nccccenaSscnvensecnssacccncadnacasenctagedcecancas@scncanse Veunuceconsuanecaseoncucdacenenenscassuccececanassencacecdenssnecnussnacavesse 
peneedceneneneesenteresnsenanennaaenntsenanennensnnaanennnamannananaracapensanansen snaasecnesnenesnennnanecsanennsneesracenenansceeaeenee ars 
peace eccansecaedecncccncenceasancenecaaneaccgencnscacnenneacescansepcceusesesccemesanncacaenecetnansetccconsacscascsecenssancenssecansnes: - 
qe eeeecneeccnganannandenenannensecneenenecsnenecneaeaneenenneeennanceccnastnenanganeennecanaannsne serenenenenenaneeeenneesaaetnasaeanne oom 
Erdecccnccnccnccnnnanecnccnncsneccecenenanseanncensnenscnersnannaeacsceensecaeceneasacsansansercencestenanenseaaasencseesedbssencenensced 
Sree sccccnecnepeccacenee seeeeeenecesaeaceeeenaneniaanaaeenanseneenerssecanneneaecnaceacarsnees Po caaedactcececascconnnee¥ere oncuuisses: - 
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Doalstibeekecssddbans ssvssewgavadsepes teed auen a Nosaesaeenens mat ainataecrowene te 
ediediadlacdennddeetorsuscdecctaacenase nae nccsuest oie tedecmes tae seuqasestansnd soammwan es 
ea sss Sos es does sca Seciad a dat ee anke otee ee ae fee cea ra See ao enneab sees cn amen ea naadan = oeen ane opment tear aoe ee 
Re eg Sie as 2 rade dao ee ak es gee woes rae Reale oe a sake sweds enous noes ss sew iwnanae—ans 
pore etenceetevecececeercsecccrecesacnnsecaateresrencenstavaretnasedsnnsecsccnstenccneassnapassrnnacesnaccesnsaasecnenanassesees: sonme} 
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The Contractor and the Owner for themselves, their successors, executors, 


administrators and assigns, hereby agree to the full performance of the covenants 
herein contained. 


IN WITNESS WHEREOF they have executed this agreement, the day and 
year first above written. 
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TITLE PAGE 


TITLE AND LOCATION OF THE WORK. 
NAME AND ADDRESS OF THE OWNER: 


* NAME AND ADDRESS OF THE ARCHITECT: 


TITLES OF DOCUMENTS BOUND HEREWITH 
AND ENUMERATION OF DRAWINGS: 
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THE GENERAL CONDITIONS OF THE CONTRACT 
- Standard Form of the American Institute of Architects 


The Standard Documents iave received the approval of the National Associa- 
tion of Builders’ Exchanges, the National Association of Master Plumbers, the 
National Association of Sheet Metal Contractors of the United States, the 
National Electrical Contractors’ Association of the United States, the National 
Association of Marble Dealers, the Building Granite Quarries Association, the 
Building Trades Employers Association of the City of New York, and the 
Heating and Piping tractors National Association. 


THIRD EDITION, COPYRIGHT 1915-1918 BY THE AMERICAN INSTITUTE OF ARCHITECTS 
THE OCTAGON, WASHINGTON, D, C, 


Index to the Articles of the General Conditions. 


1, Definitions: 18. Emergencies. 34, Cutting, Patching and Digging, 

2. Documents. 19, Contractor’s Liability Insurance. 35, Delays. 

$. Details and Instructions, 20. Owner’s Liability Insurance. _ 36, Owner’s Right to Do Wosk. 

4. Copies Furnished. 21. Fire Insurance. , 37, Owner's Right to Terminate Com 
5. Shop Drawings. 22, Guaranty Bonds, tract. 

6. Drawings on the Work. 23, Cash Allowances. 38. Contractor’s Right to Step Work 
7. Ownership of Drawings, 24. Changes in the Work. or Terminate Contract. 

8. Samples. . 25, Claims for Extras. 39, Damages. 

9. The Architect’s Status, . 26. Applications for Payments. 40, Mutual Responsibility of Cons 
10. The Architect’s Decisions, 27. Certificates and Payments. tractors. 

11. Foremen, Supervision. 28. Payments Withheld, 41. Separate Contracts. 

12. Materials, Appliances, Employees. 29. Liens, 42, Assignment. 

13. Inspection of Work. 30. Permits and Regulations, 43. Subcontracts, 

14. Correction Before Final Payment. 31. Royalties and Patents, 44, Relations of Contractes and Sub 
15. Deductions for Uncorrected Work. 32, Use of Premises, contractor, 

16. Correction After Final Payment. 33, Cleaning up, 45, Arbitration, 

17, Protection of Work and Bis. 

Property, 


Article 1. Principles and Definitions.— 


(a) The Contract Documents consist of the Agreement, the General Conditions of the Contract, 
the Drawings and Specifications, including all modifications thereof incorporated in the 
documents before their execution. These form the Contract. 

(b) The Owner, the Contractor and the Architect are those named as such in the Agreement. 

ey are treated throughout the Contract Documents as if each were of the singular 
number and masculine gender. 

(c) The term Subcontractor, as employed herein, includes only those having a direct contract with 
the Contractor and it includes one who furnishes material worked to a special design 
according to the plang or specifications of this work, but.does not include one who merely 
furnishes material not so worked. 

(d) Written notice shall be deemed to have been duly served if delivered in person to the individual 
or to a member of the firm or to an officer of the corporation for whom it is intended, 
or if delivered at or sent by registered mail to the last business address known to him who 
gives the notice, 

e) The term “work” of the Contractor or Subcontractor.includes labor or materials or both. 

f) All time limits stated in the Contract Documents are of the essence ‘of the contract. 

&) The law of the place of building shall govern the construction of this contract. 


Art. 2, Execution, Correlation and Intent of Documents.—The Contract Documents © 
shall be signed in duplicate by the Owner and Contractor. In case of failure to sign the General 
Conditions, Drawings or Specifications the Architect shall identify them, 

_ The Contract Documents are complementary, and what is called for by any ‘one shall be as 
binding as if called for by all, The intention of the documents is to include all labor and materials 
reasonably necessary for the proper execution of the work. It is mot intended however, that 
materials or work not covered by or properly inferable from any heading, branch, class or trade 
of the specifications shall be supplied unless distinctly so noted on the drawings. Materials or 
work described in words which so-applied have a well known technical or trade. meaning shall be 
held to refer to such recognized standards. ‘ 


Art. 3, Detail Drawings and Instructions.—The Architect shall furnish, with reasonable 
Promptness, additional instructions, by means of drawings or otherwise, necessary for the proper 
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execution of the work. All such drawings and instructions shall be consistent with the Contract 

uments, true developments thereof, and reasonably inferable therefrom. The work shall 
be executed in conformity therewith and the Contractor shall do no work without proper drawings 
and instructions. _ In giving such additional instructions, the Architect shall have authority to 
big Fry aoa in the work, not involving extra cost, and not inconsistent with the purposes 
of the ing. f 

_The Contractor and the Architect, if either so requests, shall jointly prepare a schedule, 
subject to change from time to time in accordance with the progress of the work, fixing the dates 
at which the various detail drawings will be required, and the Architect shall furnish them in 
accordance with that schedule. Under like conditions, a schedule shall be prepared, fixing the 
dates for the submission of shop drawings, for the beginning of manufacture and installation of 
materials and for the completion of the various parts of the work. 


Art. 4. Copies Furnished.—Unless otherwise provided in the Contract Documents the 
Architect will furnish to the Contractor, free of charge, all copies of drawings and specifications 
reasonably necessary for the execution of the work. 


Art. 5. Shop Drawings.—The Contractor shall submit, with such promptness as to cause 
no delay in his own work or in that of any other contractor, two copies of all shop or setting 
drawings and schedules required for the work of the various trades and the Architect shall pass 
upon them with reasonable promptness. The Contractor shall make any corrections required b’ 
the Architect, file with him. two corrected copies and furnish such other copies as may be needed. 
The Architect’s approval of such drawings or schedules shall not relieve the Contractor from 
responsibility for deviations from drawings or specifications, unless he has in writing called the 
Architect’s attention to such deviations at the time of submission, nor shall it relieve him from 
‘responsibility for errors of any sort in shop drawings or schedules. 


Art. 6. Drawings and Specifications on the Work.—The Contractor shall keep one copy 
of all drawings and specifications on the work, in good order, available to the Architect and to his 
representatives. ; 


Art. 7. Ownership of Drawings.and Models.—All drawings, specifications and copies 
thereof furnished by the Architect are his property. They are not to be used on other work and, 
with the exception of the signed contract set, are to be returned to him on request, at the comple- 
tion of the work. All models are the property of the Owner. 


Art. 8. Samples.—The Contractor shall furnish for approval all samples as directed.- The, 
work shall be in accordance with approved samples. 


, Art.9. The Architect’s Status.—The Architect shall have general supervision and direc- 
tion of the work. He is the agent of the Owner only to the extent provided in the Contract 
Documents and when in special instances he is authorized by the Owner so to act, and in such 
instances he shall, upon request, show the Contractor written authority. He has authority to 
— the work whenever such stoppage may be necessary to insure the proper execution of the 

ntract. 

' As the Architect is, in the first instance, the interpreter of the conditions of the Contract and 
the judge of its performance, he shall side neither with the Owner nor with the Contractor, but 
shall use his powers under the. contract to enforce its faithful performance by both. 

In case of the termination of the employment of the Architect, the Owner shall appoint a 
capable and reputable Architect, whose status under the contract shall be that of the former 
Architect. 


Art. 10. The Architect’s Decisions.—The Architect shall, within a reasonable time, make 
decisions on all claims of the Owner or Contractor and on all other matters relating to the execu- 
tion and progress of the work or the interpretation of the Contract Documents. 

The Architect’s decisions, in matters relating to artistic effect, shall be final, if within the 
terms of the Contract Documents. 4 

Except as above or as otherwise expressly provided in these General Conditions or in the 
specifications, all the Architect’s decisions are subject to arbitration. 


Art. 11. Foreman, Supervision.—The Contractor shall keep on his work, during its _ 
rogress, a competent foreman and any necessary assistants, all satisfactory to the Architect. 
The foreman shall not be changed except with the consent of the Architect, unless the foreman 
proves to be unsatisfactory to the Contractor and ceases to be in his employ. “The foreman shal} 
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represent the Contractor in his absence and all directions given to him shall be as binding as if 
ven to the Contractor. Important directions shall be confirmed in writing to the Contractor. 
ther directions shall be so confirmed on written request in each case. : J 
The Contractor shall give efficient supervision to thé work, using his best skill and attention. 
He shall carefully study and compare all drawings, specifications and other instructions and shall 
at once report to the Architect any error, inconsistency or omission which he may discover. 


Art. 12. Materials, Appliances, Employees.—Unless otherwise stipulated, the Con- 
tractor shall provide and pay Pr all materials, labor, water, tools, equipment, light and power 
necessary for the execution of the work. : F : 

Unless otherwise specified, all materials shall be new and both workmanship and materials 
shall be of good quality. The Contractor shall, if required, furnish satisfactory evidence as to 
the kind and quality of materials. we 

The Contractor shall not employ on the work any unfit person or anyone not skilled in the 
work assigned to him. 


Art. 13. Inspection of Work.—The Owner, the Architect and their representatives shall 
at all times have access to the work wherever it is in preparation or progress and the Contractor 
shall provide proper facilities for such access and for inspection. t . 

If the specifications, the Architect’s instructions, laws, ordinances or any public authority 
require any work to be specially tested or approved, the Contractor shall give the Architect timel 
notice of its readiness for inspection, and if the inspection is by another authority than the Atchi- 
tect, of the date fixed for such inspection. Inspections by the Architect shall be promptly made. 
If any such work should be covered up without approval or consent of the Architect, it must, if 
required by the Architect, be uncovered for examination at the Contractor’s expense. 

Re-examination of questioned work may be ordered by the Architect. If such work be found 
in accordance with‘the contract, the Owner shall pay the cost of re-exAmination and replacement. 
Tf such work be found not in accordance with the contract, through the fault of the Contractor, 
the Contractor shall pay Such cost, unless he shall show that the defect in the work was caused 
by another contractor, and in that event the Owner shall pay such cost. 


Art. 14. Correction of Work Before Final Payment.—The Contractor shall promptly 
semove from the premises all materials condemned by the Architect as failing to conform to the 
Contract, whether incorporated in the work or not, and the Contractor shall promptly replace 
and re-execute his own work in accordance with the Contract and without expense to the Owner 
and shall bear the expense of making good all work of other contractors destroyed or damaged by 
such removal or replacement. 

If the Contractor does not remove such condemned work and materials within a reasonable 
time, fixed by written notice, the Ownex may remove them and may store the material at the 
expense of the Contractor. If the Contractor does not pay the expense of such removal within 
five days thereafter, the Owner may, upon ten days written notice, sell such materials at auction 
or at private sale and shall account for the net proceeds thereof, after deducting all the costs and 
expenses that should have been borne by the Contractor. 


Art. 15. Deductions for Uncorrected Work.—If the Architect and Owner deem it inex- 
pedient to correct work injured of done not in accordance with the Contract, the difference in 
value together with a fair allowance for damage shall be deducted. 


Art. 16. Correction of Work After Final Payment.—Neither the final certificate nor 
paymenc nor any provision in the Contract Documents shall relieve the Contractor of responsi- 
ility for faulty materials or workmanship and he shall remedy any defects due thereto and 
pay for any damage to other work resulting therefrom, which shall appear within a period of two 
years from the time of installation. The Owner shall give notice’of observed defects with reason- 
able promptness. All questions arising under this Article shall be decided under Articles ro and 45- 


_ Art. 17. Protection of Work and Property.—The Contractor shall continuously main- 
tain adequate protection of all his work from damage and shall protect the Owner’s property 
from injury arising in connection with this Contract. He shall make good any such damage or 
injury, except such as may be directly due to errors in the Contract Documents. He shall 
adequately protect adjacent property as provided by law and the Contract Documents. 


Art. 18. Emergencies.—In an senacesnicy) seas the safety of life or of the structure or 
of adjoining property, not considered by the Contractor as within the provisions of Article 17, 
en the Contractor, without special instruction or authorization from the Architect or Owner, is 


Specifications 751 


hereby permitted to act, at his discretion, to prevent such threatened loss or injury and he shall 
80 act, without appeal if so instructed or authorized. Any compensation claimed to be due te 
him therefor shall be determined under Articles to and 45 regardless of the limitations in Article 
25 and in the second paragraph of Article 24. 


Art. 19. Contractor’s Liability Insurance.—The Contractor shall maintath such insur- 
ance as will protect him from claims under workmen’s compensation acts and from any other 
claims for damages for personal injury, including death, which may arise from operations under 
this contract, whether such operations be by himself or by any subcontractor or anyone directly 
or indirectly employed py either of them. Certificates of such insurance shall be filed with the 
Owner, if he-so require, and shall be subject to his approval for adequacy of protection. 


Art. 20. Owner’s Liability Insurance.—The Owner shall maintain such insurance as will 
protect him from his contingent liability for damages for personal injury, including death, which 
may arise from operations under this contract. 


_Art. 21. Fire Insurance.—The Owner shall effect and maintain fire insirance upon the 
entire structure on which the work of this contract is to be done and upon all materials, in or adja- 
cent thereto and intended for use thereon, to at least eighty per cent ol the insurable value thereof 
The loss, if any, is to be made adjustable with and payable to the Owner as Trustee for whom it 
smay concern. ; i 

All policies shall be open to inspection by the Contractor. If the Owner fails to show them 
on request or if he fails to effect or maintain insurance ‘as above, the Contractor may insure his 
own interest and charge the cost thereof to the Owner. Ifthe Contractor is damaged by failure 
of the Owner to maintain such insurance, he may recover under Art. 39. 

If required in writing by any party in interest, the Owner as Trustee shall, upon the occurs 
rence of loss, give bond for the proper performance of his duties. He shall deposit any money 
received from insurance in an account separate from ‘all his other funds and he shall distribute 
it in accordance with such agreement as the parties in interest may reach, or under an award of 
arbitrators appointed, one by the Owner, another by joint action of the other parties in interest, 
all other procedure being in accordance with Art. 45. If after loss no special agreement is made, 
replacement of injured work shall be ordered under Art.,24. 

e Trustee shall have power to adjust and settle saya with the insurers unless one of the 
contractors interested shall object in writing within three working days of the occurrence of loss. 
and thereupon arbitrators shall be chosen as above. The Trustee shall in that case make settle- 
ment with the insurers.in accordance with the directions of such arbitrators, who shall also, if 
distribution by arbitration is required, direct suck. distribution. 


Art. 22. Guaranty Bonds.—The Owner shall have the right to require the Contractor to 
furnish bond covering the faithful performance of the contract and the payment of all obligations 
arising thereunder, in such form as the Owner may prescribe and with such sureties as he may 
approve. If such bond is required by instructions given previous to the receipt of bids, the 
premium shall be paid by the Contractor; if subsequent thereto, it shall be paid by the Owner. 


Art. 23. Cash Allowances.—The Contractor shall include in the contract sum all allowances 
named in the Contract Documents and shall cause the work so covered to be done by such 
contractors and for such sums as the Architect may direct, the contract sum being adjusted in 
conformity therewith. The Contractor declares that the contract sum includes such sums for 
expenses and profit on account of cash allowances as he deems proper. No demand for expenses 
or profit other than those included in the contract sum shall be allowed. The Contractor shall 
Bet be required to employ for any such work persons against whom lie has a reasonable, 
objection. 


Art. 24. Changes in the Work.—The Owner, without invalidating the contract, may make 
changes by altering, adding to or deducting from the work, the contract sum being adjusted 
according y: All such work shall be executed under the conditions of the original contract except 
that any claim for extension of time caused thereby shall be adjusted at the time of ordering sucks 


whange. 

Escave as provided in Articles 3, 9 and 18, no change shall be made unless in pursuance of 
a written order from the Owner signed or countersigned by the Architect, or a written order from 
the Architect stating that the Owner has authorized the change, and no claim for an addition to 

contract sum shall be valid unless so ordered. . 

The value of any such change shall be determined in one or more of the following wayss 
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\ 
By unit prices named in the contract or subsequently agreed upon. 
th cost and percentage or by Cost and a fixed fee. 


® By estimate and acceptance in a lump sum.- 
C 


none of the above methods is agreed upon, the Contractor, provided he receive an order as 
above, shall proceed with the work, no appeal to arbitration being allowed from such 
order to proceed. 


_ 4Ancases (c) and (d), the Contractor shall keep and present in such form as the Architect may 

rect, a correct account of the net cost of labor and materials, together with vouchers. In any 
case, the Architect shall certify to the amount, including a reasonable profit, due to the Con- 
tractor. Pending final determination of value, payments on account of changes, shall be made 
on the Architect’s certificate. . 


Art. 25> Claims for Extras.—If the Contractor claims that any instructions, by drawings 
or otherwise, involve extra cost under this contract, he shall give the Architect written notice 
thereof before proceeding to execute the work and, in any event, within two weeks of ne 
such instructions, and the procedure shall then be as provided in Art. 24. No such claim shal 
be valid unless so made. 


Art. 26. Applications for Payments.—The Contractor shall submit to the Architect an 
application for each payment and, if required, receipts or other vouchers showing his payments 
for materials and labor, including payments to subcontractors as required by Article 44. 

If payments are madeé-on valuation of work done, such application shall be submitted at 
least ten days vetore each payment falls due, and, if required, the Contractor shall, before the 
first application, submit to the Architect a schedule of values of the various parts of the work, 
including quantities, aggregating the total sum of the contract, divided so as to facilitate payments 
to subcontractors in accordance with Article 44 (e), made out in such form and, if required, 
supported by such evidence as to its correctness, as the Architect may direct. This schedule, 
when approved by the Architect, shall be used as a basis for certificates of payment, unless it be 
found to be in error. In applying for payments, the Contractor shall submit a statement based 
upon this schedule and, if required, itemized in such form and supported by such evidence as the 
Architect may direct, showing his right to the payment claimed. 


Art. 27. Certificates and Payments.—If the Contractor has made application as above, 
the Architect shall, not later than the date when each payment falls due, issue to the Contractor 
a certificate for such amount as he decides to be properly due. 

No certificate issued nor payment made to tlie Contractor, nor partial or entire use of 
occupancy of the work by the Owner shall be an acceptance of any work or materials not in 
accordance with this contract. The making and acceptance of the final payment shall constitute 
a waiver of all-claims by the Owner, otherwise than under Articles 16 and 29 of these conditions 
or under requirement of the specifications, and of all claims by the Contractor, except those 
previously made and still unsettled. 

Should the Owner fail to pay the sum named in any certificate of the Architect or in any 
award by arbitration, upon demand when due, the Contractor shall receive, in addition to the sum 
named in the certificate, interest thereon at the legal rate in force atthe place of building. 


Art. 28. Payments Withheld.—The Architect may withhold or, on account of subse- 
qufently discovered evidence, nullify the whole or a part of any certificate for payment to such 
extent as may be necessary to protect the Owner from loss on account of; 


a) Defective work not remedied, pre eas ’ : 
b) Claims filed or reasonable evidence indicating probable filing of claims. 
c) Failure of the Contractor to make payments properly to subcontractors or for material or 


abor. 
‘d) A reasonable doubt that the contract can be completed for the balance then unpaid. 
‘e) Damage to another contractor under Article 40. 


When all the above grounds are removed certificates shall at once be issued for amounts 
withheld because of them. 


Art. 29. Liens.—Neither the final payment nor any part of the retained percentage shall 
become due until the Contractor, if required, shall deliver to the Owner a complete release of all 
liens arising out of this contract, or receipts in full in lieu thereof and, if required in either case, an 
affidavit that so far as he has knowledge or information the releases and receipts include.all the 
labor and material for which a lien could be filed; but the Contractor may, if any. subcontractor 


— 
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refuses to furnish a release or réceipt,in full, furnish a bond satisfactory to the Owner, to indemnify 
him against any claim by lien or otherwise. _If any lien or claim remain unsatisfied after all pay- 
ments are made, the Contractor shall refund to the Owner all moneys that the latter may be com- 
pelled to pay in discharging such lien or claim, including all costs and a reasonable attorney’s fee. 


Art. 30. Permits and Regulations.—The Contractor shall obtain and pay for all permits 
and licenses, but not permanent easements, and shall give all notices, pay all hd and comply 
with all laws, ordinances, rules and regulations bearing on the conduct of the work as drawn and 
specified. If the Contractor observes that. the drawings and specifications are at variance 

erewith, he shall promptly notify the Architect in writing, and any necessary changes shall be 
adjusted under Article 24. If the Contractor performs any work knowing it to be contrary to 
such laws, ordinances, es and regulations, and without such notice to the Architect, he shalh 
bear all costs arising therefrom. 


, Art. 31. Royalties and Patents.—The Contractor shall pay all royalties and license fees: 
He shall defend all suits or claims for infringement of any patent nghts and shall save the 
Owner harmless from loss on account thereof, except that the Owner shall be responsible for all 
such loss when the product of a particular manufacturer or manufacturers is specified, but if the 
Contractor has information that the article specified is an infringement of a patent he shall be 
cesponsible for such loss unless he promptly gives such information to the Architect or Owner. * 


Art. 32. Use of Premises.—The Contractor shall confine his apparatus, the storage of. 
materials and the operations of his workmen to limits indicated by law, ordinances, permits or 
directions of the Architect and shall not unreasonably encumber the premises with his materials, 

The Contractor shall not load or permit any part of the structure to be loaded with a weight 
that will endanger its safety. 

he Contractor shall enforce the Architect’s instructions regarding signs, advertisements, 
fires and smoking. 


Art. 33. Cleaning Up.—The Contractor shall at all times keep the premises free from 
accumulations of waste material or rubbish caused by his employees or work and at the comple 
tion of the work he shall remove all his rubbish from and os the building and all his tools, 
scaffolding and surplus materials and shall leave his work ‘‘broom clean” or its equivalent, unless 
more exactly specified. In case of dispute the Owner may remove the rubbish and charge the 
€ost to the several contractors as the Architect shal determine to be just. 


Art. 34. Cutting, Patching and Digging.—The Contractor shall do all cutting, fitting or 
patching of his work that may be required to make its several parts come together properly and 
t it to receive or be received by work of other contractors shown upon, or reasonably-implied by, 
the Drawings and Specifications for the completed structure and he shall make good after them, 
as the Architect may direct. ‘ 
‘ call cost caused by defective or ill-timed work shall be borne by the party responsible 
therefor. 
The Contractor shall not endanger any work by cutting, digging or otherwise and shall not 
cut or alter the work of any other contractor save with the consent of the Architect. 


Art. 35. Delays.—If the Contractor be delayed in the completion of the work by any act or 
neglect of the Owner or the Architect, or of any employee of either, or by any other contractor: 
employed by the Owner, or by changes ordered in the work, or by strikes, lockouts, fire, unusual 
delay by common carriers, unavoidable casualties or any causestbeyond the Contractor’s control, 

2 or by delay authorized by the Architect pending arbitration, or by any cause which the‘Architect 
shall decide to justify the delay, then the time of completion shall be extended for such reason- 
able time as the Architect may decide. . 

No such extension shall be made for delay occurring more than seven days before claim 
therefor is made in writing to the Architect. In the case of a continuing cause of delay, only one 
claim is necessary. : 

| If no schedule is made under Art. 3, no claim for delay shall be allowed on account of failure 
to furnish drawings until two weeks after demand for such drawings and not then unless such 
claim be reasonable. . 

This article does not exclude the recovery of damages for delay by either pasty undes, 
article 39 or other provisions in the contract documents. 


-Art. 36. Owner’s Right to Do Work.—If the Contractor should neglect to prosecute the 
work properly or fail to perform any provision of this contract, tne Owner, after three days’ 
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written notice to the Contractor, may, without prejudice to any other remedy he may have, make 
good such deficiencies and may deduct the cost thereof from the payment then or thereafter due 
the Contractor; provided, however, that the Architect shall approve both such action and the 
amount charged to the Contractor. 


Art. 37. Owner’s Right to Terminate Contract.—If the Contractor should be adjudged 
a bankrupt, or if he should make a general assignment for the benefit of his creditors, or if a 
receiver should be appointed on account of his insolvency, or if he should, except in cases recited 
in Article 35, persistently or repeatedly refuse or fail to supply enough properly skilled workmen 
or proper materials, or if he should fail to make prompt payment to subcontractors or for material 
or labor, or persistently disregard laws, ordinances or the instructions of the Architect, or other- 
wise be guilty of a substantial violation of any provision of the contract; then the Owner, upon 
che certificate of the Architect that sufficient cause exists to justify sich action, may, without 
prejudice to any other right or remedy and giver givin the Contractor seven days’ written notice, 
terminate the employment of the Contractor and take possession of the premises and of all mate- 
fials, tools and appliances thereon and finish the work by whatever method he may deem expe- 
Jient. In such case the Contractor shall not be entitled to receive any further payment until 
the work is finished. If the unpaid balance of the contract price shall exceed the expense of 
; finishing the work, including compensation to the Architect for his additional services, such 
excess shall be paid to the Contractor. If such expense shall exceed such unpaid balance, the 
Contractor shall pay the difference to the Owner. The expens: incurred by the Owner as herein 
provided, and the damage-incurred through the Contractor’s default, shall be certified by the 
Architect. 


Art. 38. Contractor’s Right to Stop Work or Terminate Contract.—If the work should 
be stopped under an order of any court, or other public authority, for a period of three months, 
through no act or fault of the Contractor or of any one employed by him, or if the Owner should 
fail to pay to the Contractor, within seven days of its maturity and presentation, any sum 
pectined by the Architect or awarded by arbitrators, then the Contractor may, upon three days 
written notice to the Owner and the Architect, stop work or terminate this contract and recover 
from the Owner payment for all work executed and any loss sustained upon any plant or material 
and reasonable profit and damages. 


Art. 39. Damages.—TIf either party to this contract should suffer damage in any manner 
because of any wrongful act or neglect of the other party or of any one employed by him, then he 
shall be reimbursed by the other party for such damage. 

Claims under this clause shall be made in writing to the party liable within a reasonable 
time of the first observance of such damage and not later than the tinte of final payment, except in 
case of claims under Article 16, and shall be adjusted by agreement or arbitration. 


Art. 40. Mutual Responsibility of Contractors.—Should the Contractor cause damage 
to any other contractor on the work, the Contractor agrees, upon due notice, to settle with such 
<ontractor by agreement or arbitration, if he-will so settle. If such other contractor sues the 
Owner on account of any damage alleged to have been so'sustained, the Owner shall notify the 
Contractor, who shall defend such proceedings at the Owner’s expense and, if any judgment 
against the Owner arise therefrom, the Contractor-shall pay or satisfy it and pay all costs 
incurred by the Owner. 


Art. 41. Separate Contracts.—The Owner reserves the right to let other contracts in 
connection with this work. The Contractor shall afford other contractors reasonable opportuni 
for the introduction and storage of their materials and the execution of their work and shall 
properly connect and coordinate his work with theirs. 

If any part of the Contractor’s work depends for proper execution or results upon the work 
of any other contractor, the Contractor shall inspect and promptly report to the Architect any 
defécts in such work that renderit unsuitable for such proper execution and results. His failure 
so to inspect and report shall constitute. an acceptance of the other contractor’s work as fit and 
proper for the reception of his work, except as to defects which may develop in the other con- 
tractor’s work after the execution of his work. : 

!. To insure the proper execution of his subsequent work the Contractor shall measure work 
already in place ait shall at once report to the Architect any discrepancy between the executed 
work and the drawings., 


Art. 42, Assignment.—Neither party to the Contract shall assign the contract without 


ee 
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the written consent of the other, nor shall the Contfactor assign amy moneys due or to become 
due to him hereunder, without the previous written consent of the Owner. 


Art. 43. Subcontracts.—The Contractor shall, as soon as practicable after the signature 
of the contract, notify the Architect in writing‘of the names of subcontractors proposed for the 
principal parts of the work and for such others as the Architect may direct and shall not employ 
any that the Architect may within a reasonable time object to as incompetent or unfit. 

If the Contractor has submitted before signing the contract a list of subcontractors and the 
change of any name on such list is required or permitted after signature of agreement, the contract 
price shall be increased or diminished by the difference between the two bids. 

The Architect shall, on request, furnish to any subcontractor, wherever practicable, evidence 
of the amounts certified to on his account. 5 

The Contractor agrees that he is as fully responsible to the Owner for the acts and omissions 
of his subcontractors and of persons either directly or indirectly employed by them, as he is for 
the acts and omissions of persons directly employed by him. 

Nothing contained in the contract documents shall create any contractual relation between 
any subcontractor and the Owner. 


Art. 44, Relations of Contractor and Subcontractor.—The Contractor agrees to bind 
every subcontractor and every subcontractor agrees to be bound, by the terms of the General 
Conditions, Drawings and Specifications, as far as applicable to his work, including the following 
provisions of this Article, unless specifically noted to the contrary in a subcontract approved in 
writing as adequate by the Owner or Architect. This does not apply to-minor subcontracts. 


The Subcontractor agrees— : 


(a) To be bound to the Contractor by the terms of the General Conditions, Drawings and Speci- 
fications and to assume toward him all the obligations and responsibilities that he, by 
‘those documents, assumes toward the Owner. ’ ; 

(b) To submit to the Contractor applications for payment in such reasonable time as to enable 
the Contractor to apply for payment under Article 26 of the General Conditions. 

(c) To make all claims for extras, for extensions of time and for damages for delays or otherwise, 
to the Contractor in the mariner provided in the General Conditions for like claims by 
the Contractor upon the Owner, except that the time for making claims for extra cost 
as under Article 25 of the General Conditions is one week. 


The Contractor agrees— 


{d) To be bougd to the Subcontractor by all the obligations that the Owner assumes to the Con- 

tractor under the General Conditions, Drawings and Specifications and by all the pro- 
: visions thereof affording remedies and redress to the Contractor from the Owner. 

(e) To pay the Subcontractor, upon the issuance of certificates, if issued under the schedule of 
values described in Article 26 of the General Conditions, the amount allowed to the 
Contractor on account of the Subcontractor’s work to the extent of the Subcontractor’s 
interest therein. , 

(f) To pay the Subcontractor, upon the issuance of certificates, if issued otherwise than as in (e), 
so that at all times his total payments shall be as large in proportion to the value of the 
work done by him as the total amount certified to the Contractor is to the value of the 
work done by him... 

(g) To pay the Subcontractor to such extent as may be provided by the Contract Documents 
or the subcontract, if either of these provides for earlier or larger payments than the 


« above. 

(h) To pay the Subcontractor on demand for his work or materials as far as executed and fixed 
in place, less the retained percentage, at the time the certificate should issue, even 
though the Architect fails to issue it for any cause not the fault of the Subcontractor. 

(j) To pay the Subcontractor a just share of any fire insurance money received by him, the Con- 
tractor, under Article 21 of the General Conditions. 

(k) To make no.demand for liquidated damages or penalty for delay in any sum imexcess of such 
amount as may be specifically named in the subcontract. 

@) That no claim for services rendered or materials furnished by the’Contractorto the Subcon- 
tractor shall be valid unless written notice thereof is given by the Contractor to the 
Subcontractor during the first ten days of the calendar month following that in which 
the claim originated. : { : 

(m) To give the Subcontractor an opportunity to be present and to submit evidence in any 
arbitration involving his rights. 
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(n) To same as arbitrator under Article 45 of the General Conditions the person nominated by” 
the Subcontractor, if the sole cause of dispute is the work, materials, rights or respon- 
sibilities of the Subcontractor; or, if of the Subcontractor and any other subcontractor 
jointly, to name as such arbitrator the person upon whom they agree. 


The Contractor and the Subcontractor agree that— 


(o) In the matter of arbitration, their rights and obligations and all procedure shall be analogous 
*“ "to those set forth in Article 45 of the General Conditions. 

Nothing in this Article shall create any obligation on the part of the Owner to pay to or to 
gee to the payment of any sums to any Subcontractor. 


Art. 45. Arbitration.—Subject to the provisions of Article 10, all questions in dispute 
under this contract shall be submitted to arbitration at the choice of either party to the dispute. 
Tine Contractor agrees to push the work vigorously during arbitration proceedings. . 

The demand for arbitration shall be filed in writing with the Architect, in the case of an 
appeal from his decision, within ten days of its receipt and in any other case within a reasonable 
time after cause thereof and in no case later than the time of final payment, except as to ques- 
tions arising under Article 16. ~ If the Architect fails to make a decision within a reasonable time, 
an appea) to arbitration may be taken as if his decision had been rendered against the party 
appealing. 

ne No che shall be nominated or act as an arbitrator who is in any way financially interested 
an this contract or in the-business affairs of either the Owner, Contractor or Architect. 

The general procedure shall conform to the laws of the State in which the work is te be erected. 
Unless otherwise provided by- such laws, the parties may agree upon one arbitrator; otherwise 
there shall be three, one named, in writing, by each party to this contract, to the other party and to 
the Architect, and the third chosen by these two arbitrators, or if they fail to select a third within 
ten days, then he shall be chosen by the presiding officer of the Bar Association nearest to the 
focation of the work. Should the party demanding arbitration fail to name an arbitrator within 
ten days of his demand, his right to arbitration shall lapse. Should the other party fail to choose 
an arbitrator within said ten days, then such presiding officer shall appoint such arbitrator. 
Should either party refuse or neglect to supply the arbitrators with any papers or information 
demanded in writing, the arbitrators are empowered by both parties to proceed ex parte. 

- The arbitrators shall act with promptness. If there be one arbitrator his decision shall be 
binding; if three the decision of any two shall be binding. Such decision shall be a condition 
precedent to any right.of legal action, and’wherever permitted by law it may be filed in Court to 


carry it into effect. j 

The arbitrators, if they deem that the case demands it, are authorized to award to the party 
whose contention is sustained such sums as they shall deem proper for the time, expense and 
crouble incident to the appeal and, if the appeal was taken without reasonable cause, damages” 
for delay.. The arbitrators shall fix their own compensation, unless otherwise provided by agree- 
ment, and shall assess the costs and charges of the arbitration upon either or both parties. 

The award of the arbitrators must be’in writing and, if in writing, it shall not be open to 
objection on account of the form of the proceedings or the award, unless otherwise provided by 
the laws of the State in which the work is to be erected. 

In the event of such laws providing on any matter covered by this article otherwise than as 
hereinbefore specified, the method of procedure throughout and the legal effect of the award shall 
be wholly in accordance with the said State laws, it being intended. ect to lay down a principle 

tot i 


of action to be followed, leaving its local application to be adapted e legal requirements of 
che place in which the work is to be erected, : 
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THE STANDARD FORM OF BOND 


FOR USE IN CONNECTION WITH THE THIRD EDITION OF THE STANDARD 
FORM OF AGREEMENT AND GENERAL CONDITIONS OF THE CONTRACT. 


SOPYBICHT 1915, BY THE AMERICAN INSTITUTE OF ARCHITECTS, THE OCTAGON HOUSE, WASHINGTON, D. Cy 


KNOW ALL MEN: BR AGA WO. els, ei tctette COMER aa alee 


(Here insert the name and addyess or legal ide of the Contractor] d 


hereinattéencalled’shesPrincipal wands cual. ten ee eee a eee a 
(Here insert the name and address or legal title of one or more sureties,) 


hereinafter called the Surety or Sureties, are held and firmly bound unto 


(Here insert the name and address or Jega) title of the Owner.) 


for the payment whereof the Principal and the Surety or Sureties bind themselves, 
their heirs, executors, administrators, successors and assigns, jointly and severally, 
firmly, by these presents. 


saan % A 
Whereas, the Principal has, by means of a written Agreement, dated.............. 
Ree sesevaneseenneenecqueseensnessnansnsessneserseaseseoe€tered into a contract with the Owner fos 


on ane eeccrer eens ee senneesecndcnnsecenwseseesnecenesansas ssn senesnseenecesenenssaneseasnnasscssenenscnssnenansasncecepesetenss teen eed 


a copy of which Agreement is by reference made a part hereof; a 
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Now, Therefore, the Condition of this Obligation is such that if the Principal 
shall faithfully perform the Contract on his part, and satisfy all claims and 
demands, incurred for the same, and shall fully indemnify and save harmless the 
Owner from all cost and damage which he may suffer by reason of failure so to 
do, and shall fully reimburse and repay the Owner all outlay and expense which 
the Owner may incur in making good any such default, and shall pay all persons 
who have contracts directly with the Principal for labor or materials, then this 
obligation shall be null and void; otherwise it shall remain in full force and 
effect. 


Provided, however, that no suit, action or proceeding by reason of any default 
whatever shall be brought on this Bond after... ...---.--e---ec------ months from 
the day on which the final payment under the Contract falls due. 


And Provided, that any alterations which may be made in the terms of the 
Contract, or in the work to be done under it, or, the giving by the Owner of any 
extension of time for the performance of the Contract, or any other forbearance 
on the part of either the Owner or the Principal to the other shall not in any wa 
release the Principal and the Surety or Sureties, or either or any of them, their 
heirs, executors, administrators, successors or assigns from their liability here- 
under, notice to the Surety or Sureties of any such alteration, extension or for- 
bearance being hereby waived. : 


Signed and Sealed this... e-e---eeoetees day ofsa ea ae 1Oscce 


In Presence of 


By ee cee DRE ae eee Soe eee eee Boo EE ee CRECBEAB) 
as to 

Besaceas ccec nsec osGdhcecaday soe ca up ntact auc easunccee Oh cee fH 0k Ball Pes SRE nee eee a ce (SEAL) 
as to 

Oe ee ee eee a eS ah Os yee eee tke ene ka tates (SEAL) 
as to 

eves shavet Seen shoiraaicscnavchencccusnoteceenpsosececedeseste |) 1) (ul) UM st ciscecs eee eae ae een en (SEAL) 
as to 


Nee ee enn ne Rane renee anes a teres achroeyessesens, 
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THE STANDARD FORM OF AGREEMENT BETWEEN 
CONTRACTOR AND SUBCONTRACTOR 


FOR USE IN CONNECTION WITH THE THIKD EDITION OF THE STANDARD 
FORM OF AGREEMENT AND GENERAL CONDITIONS OF THE CONTRACT, 


This form has been approved by the National Association of Builders’ eva eoes the « 
National Association of Master Plumbers, the National Association of Sheet Meta} 
Contractors of the United States, the National Electrical Contractors’ Association of the 
United States, the National Association of Marble Dealers, and the Heating and Piping 
‘Contractors’ National Association. 


COPYRIGHT 1915, BY THE AMERICAN INSTITUTE OF ARCHITECTS, THE OCTAGON HOUSE, WASHINGTON, 0. G 


THIS AGREEMENT, made this day of 19 
by and between hereinafter called 
the Subcontractor and : 
hereinafter called the Contractor. 


’ WITNESSETH, That the Subcontractor and Contractor for the considerations hereinafter 
gamed agree as follows: 
4 


Section 1. The Subcontractor agrees to furnish all material and perform all work as described 
in Section 2 hereof for (tere name the kind of bullding.) 


for (Here insert the name of the Owner.) 
hereinafter called the Owner, at (Here insert the location of the work.) 


‘in accordance with the General Conditions of the Contract between the Owner and the Contractor, 
and in accordance with the Drawings and the Specifications prepared by 

hereinafter called the Architect, all of 

which General Conditions, Drawings and Specifications signed by the parties thereto or identified 

by the Architect, form a part of a Contract between the Contractor and the Owner dated 

» 19 and hereby become a part of this Contract. 


Section2. The Subcontractor and the Contractor agree that the materials to be furnished and 


work to be done by the Subcontractor are (Here tosert precise description of the work, preferably by reference to tho 
gumbers of the Drawings and the pages of the Specifications.) 
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Section 3. The Subcontractor agrees to complete the several portions and the whole of the 


work herein sublet by the time or times following: 
Qlere lasert the dete of dates ead if there be liquidated damages state them) 


Section 4. The Contractor agrees to pay the Subcontractor for the performance of his work 
the sum of ; 


» 


in current funds, subject to additions and deductions for changes as may be agreed upon, and bs 


make payments on account thereof in accardance with Section 5 hereof. 
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Section 5S. The Contractor and Subcontractor agree to be bound by the terma of the 
General Conditions, Drawings and Specifications as far as applicable to this subcontract, and 


also by the following provisions: 


The Subcontractor agrees: 


(a) To be bound to the Contractor by the terms of the 
General Conditions, Drawings and Specifications, and to 
assume toward him all the obligations and responsibilities 
that he, by those documents, assumes toward the Owner. 


(d) To submie to the Contractor applications for pays 
ment in auch reasonable time as tq enable the Contractor 
to apply for payment under his contract. 


(c) To make all claims for extras, for extensions of time 
and for damages for delays or otherwise, to the Contractor 
in the manner provided in the General Conditions for like 
slaims by the Contractor upon the Owner, except that the 
time for making claims for extra cost is one week. 


The Contractor agrees. 


(d) To be bound to the Subcontractor by all the obliga+ 
tions that the Owner assumes to the Contractor under the 
General Conditions, Drawings and Specifications, and by 
all the provisions thereof afording remedies and redress to 
the Contractor from the Owner, 


(¢) To pay the Subcontractor, upon the issuance ot cere 
xificares, if issued under a schedule of values, the amount 
allowed to the Contractor on account of the Subcontractor’s 
work to the extent of the Subconcractor’s interest therein. 


(/) To pay the Subcontsactor, upon the issuance of cere 
tificates, if issued otherwise than as in (e), so that at all 
timer his total payments shall be as large in proportion to 
the value of the work done by him as the cotal amount 
eertified to the Contractor is to the value of the-work done 


‘by him. 


(g) To pay the Subcontractor to such extent a9 may be 
provided by the Contract Documents or the Subcontract, 
uf either of these provides for earlier or larger payments 


than the above. 


(A) To pay the Subcontractor on demand for his work 
or materials as far as executed and fixed in place, less the 
retained percentage, at the time the certificate should 
issue, even though the Architect fails to issue it for any 
cause not the faule of che Subcontractor. 


(j) To pay the Subcontractor a just share of any fire 
insurance money received by him, the Contractor, under 
the General Conditions. 


(k) To make no demand for liquidated damages o7 
perialty for delay in any sum in excess of such amount a3 
may be specifically named in the Subcontract. 


(D) That no claim for services rendered or materials furs 
nished by the Contractor to the Subcontractor shall be valid 
unless written notice thereof is given by the Contractor 
to the Subconeractor during the first ten days of the 
calendar month following that in which the claim origi 
nated. 


(m) To give the Subcontractor an opportunity to be 
present and to submit evidence in any arbitracion involving 
his rights. 


({n) To name as arbitrator under che General Conditions, 
the person nominated by the Subcontractor if che sole 
cause of dispute is the work, materials, rights or responsi= 
bilities of the Subcontractor; or. if of the Subcontractov 
and any other Subcontractor jointly, to name as such arbi> 
trator the person upon whom they agree 


The Contractor and the Subcontractor agree that: 


(o) In the matter of arbitration, their rights and obli- 
gations and all procedure shall be analogous to those see 
forth in the General Conditions, 


Nothing herein shall create any obligation op the pare 
of the Owner to pay or ¢o sea to the payment q} any sume 
to any Subcontractor 
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AGREEMENT BETWEEN 


see OUbCOntractor 


Contractor 


_Finally.—The Subcontractor and Contractor, for themselves, their heirs, successors, execu- 
tors, administrators and assigns, do hereby agree to the full performance of the covenants herein 


contained. 


IN WITNESS WHEREOF they have hereunto set their hands the day and date first above 


wnitten. 


In Presence of 


ae 
Subcontractor. 


mone sowometowotnwnseenceens s cucsemsebnmeewinnt wroavnnerren as saseesthaaay 


a aca 
Contractor 


scaseerenee eee eanne dA FChICGA 


oper ategecces temsecens: 


Contract Price $.csoeocemece 
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STANDARD FORM OF ACCEPTANCE OF 
SUBCONTRACTOR’S PROPOSAL 


FOR USE IN CONNECTION WITH THE THIRD EDITION OF THE STANDARD 
FORM OF AGREEMENT AND GENERAL CONDITIONS OF THE CONTKACT. 


This ‘form has been approved by the National Association of Builders’ Exchanges, the 
National Association of Master Plumbers, the National Association of Sheet Metal 
Contractors of the United States, the National Electrical Contractors’ Association of the 
United States, the National Association of Marble Dealers, and the Heating and Piping 
eneactom atcoal Association, the Building Trades Employers’ Association of the City 
of New York. 


GOPYRIGHT 1915, BY THE AMERICAN INSTITUTE OF ARCHITECTS, THE OCTAGON HOUSE, WASHINGTON, DB. @ 


Dagar Sir: Having entered into a contract with (Here insert the name and address or corporate title of the Owner 0 


for the erection of (Here insert the kind of work and the place at which it is to be'erected.) 


in accordance with plans and specifications prepared by (Here insert the name and address of the Atchieces.) 


and in accordance with the General Conditions of the Coricract prefixed to the specifications, the 
undersigned hereby accepts your proposal of (Here insert date.) 


to provide all the materials and do all the work of (Here insert the kind of work tu be done, as plumbing, rostiag, 
ate., accurately describing by number, page, etc,, the drawings and specifications governing such work.) 


The Undersigned agrees to pay you in current funds for the faithful performance of ‘the 
subcontract established by this acceptance of your proposal the sum of . 


Our relations in respect of this subcontract aré to be governed by the plans and specifications 
samed above, by the General Conditions of the Contract as far as’ applicable to the work thus 
sublet and especially by Article 44 of those conditions printed on the reverse hereof. 


Very truly yours, 


764 


Specifications 


rE 


Article 44 of the General Conditions of. the Contract. 


Relations of Contractor and Subcontractor—The Contractor agrees to bind every Sub- 


contractor and every Subcontractor agrees to 


be bound, by the terms of the General Conditions, 


Drawings and Specifications, as far as applicable to his work, including the following provisions 


of this Article, unless specifically noted to the contrary in a 


subcontract approved in writing as 


adequate by the Owner or Architect. This does not apply to minor subcontracts. 


The Subcontraccor agrees: 

(a) To be bound to the Contractor by the terms of the 
General Conditions, Drawings and Specifications, and to 
assume toward him all the obligations and responsibilities 
that he, by those documents, assumes toward the Owner. 

(2) To submit to: the Contractor applications for pay- 
ment in stich reasonable time as to enable the Contractor 
to apply for payment under Article 26 of the General Cons" 
ditions. 

(c) To make all claims for extras, for extensions of time 
and for damages for delays or otherwise, to the Contractor 
in the manner provided in the General Conditions for like 
claims by the Contractor upon the Owner, except that the 
time for making claims for extra cost as under Article 25 of 
ehe General Conditions, is cne week, 

The Contractor agrees: 


(XD To be bound to the Subcontractor by all the obliga= 
-eions that the Owner assames to the Contractor under the 
General Conditions, Drawings and Specifications, and by 
all the provisions thereof affordingiremedies and redress to 
the Contractor from the Owner. 


(¢) To pay the Subcontractor, upon the issuance of cer 
tiftcates, if issued under the schedule of values described 
ia Article 26 of the General Conditions, the amount 
allowed to the Contractor on account of the Subcontractor’s 
work to the extent of the Subcontractor’s interest therein, 

(f) To pay the Subcontractor, upon the issuance of cer 
tificates, if issued otherwise than as in (¢), so that at all 
times his total payments shall be as large in proportion to 
the value of the work done by him as the total amount 
certified to the Contractor is to the value of the work done, 
by him, 

{g) To pay the Subcontractor to such extent as\may be 
provided by the Contract Documents or the subcontract, 


if either of these provides tor earlier or larger payments 
than the above. 


(k) To pay the Subcontractor on demand for his work 
or materials as far as executed and fixed in place, less the 
retained percentage, at the time the certificate should 
issue, even though the Architect fails to issue it for any 
cause not the fault of the Subcontractor. 


{j) To pay the Subcontractor a just share of any fire 
insurance money received by him, the Contractor, under 
Article 21 of the General Conditions. 


(2) To make no demand for liquidated damages of 
penalty for delay in any sum in excess of such amount as 
may be specifically named in the subcontract 


(D That no claim for services rendered or materials fure 
nished by the Contractor to the Subcontractor shall be valid 
unless written notice thereof is given by the Contractor 
to the Subcontractor during the first tén days of the 
calendar month following that in which the claim origi+ 
nated, 


(m) To give the Subcontractor an opportunity to be 
present and ¢o submit evidence in any arbitration involy= 
ing his rights. 


(n) To name as arbitrator under Article 45 of the General 
Conditions, the person riominated by the Subcontractor if 
the sole cause of dispute is the work, materials, rights or 
responsibilities of the Subcontractor; or, if of the “Sub- 
contractor and any other subcontractor jointly, to name 
as such arbitrator the person upon whom they agree. 


The Contractor and the Subcontractor agree that— 


(c) In the matter of arbitration, their rights and obli- 
gations and all procedure shall be analogous to those 
set forth in Article 45 of the General Conditions, 


Nothing in this Article shall create any obligation on the part of the Owner to pay to or to see to the payment of 


ny sums to any subcontractor, 


\ 


The Subcontractor entering into this agreement should be sure that not merely the above 
Article 44, but the full text of the General Conditions of the Contract as signed by the Owner and 
Cmemtractor is know: to him, since such full text, though not herein repeated, is binding on him. 
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NOTES ON THE STANDARD DOCUMENTS 


The Construction of the Documents. 


An Agreement, Drawings and Specifications are the 
@scessary parts of a building contract. Many conditions 
of a general character may be placed at will in the Agree 
qment or in the Specifications. It is, however, wise to 
assemble them in a single document and, since they have 
as much bearing on the Drawings as on the Specifications, 
and éven more on the business relations of the contracting 
parties, they are properly called the “General Conditions 
ef che Conrract.” As the Agreement, General Conditions, 
Drawings and Specifications are the constituent elements of 
the contract and are acknowledged as such in the Agree- 
ment, they are correctly termed the Contract Documents. 
Statements made in any one of them are just as binding 
as if made in the Agreement. 

‘The Lnstitute’s forms, although intended for use in 
acvual practice, should also be regarded as a code of refer- 
ence representing the judgment of the Institute as to what 
constitutes good practice and as such they may be drawn 
upon by architects in improving their own forms, Although 
the forms are suited for use in connection with a single or 
general contract, they are equally applicable to’an opera- 
tion conducted under separate contracts, 


Notes on the Agreement. 


As the laws relative to the following matters vary in the 
several States, and as the statements made below are true 
only in a broad way, the provisions of the taws of the state 
in which the building is to be erecced should be ascertained 
from counsel, and the details of che contract documents 
should be arranged in conformity therewith. 

Date of the Agreement, 

Agreements executed on Sunday_are generally void by 
statute. 
room for materials delivered but not incorporavd in the 

work. 

On page 2 the definite system of payment which was 
pancelen the Cover of the second edition, is now printed 
inthe body of the agreement and a blank Line is left to 
permit the mo insertion, when desired, of a clause cover- 
ong payments for materials delivered but not incorporated 
in the work. 

Names of the Contracting Parties. 

Ascertain and use the exact name or legal title of the 
parties. In the case of an individual or a firm, the address 
of the place of business should follow the name. 

If the best practice ts to be observed, the name of each 
partner as on as that of the firm should be inserted at 
the place where the names of the contracting parties first 
appear in the Agreement. Thus, “John Brown, Richard 
qones and William Robinson, tradin, ool ae Brown & Co.” 

‘n this way the names of all che individuals who are to be 
made severally as well as jointly liable for the performance 
of the contract are indicated. he 

In the case of a corporation, use the exact title foilowed 
by a statement as to the place of incorporation, ¢. 4. 
“Palmer Construction Co., a corporation under the laws 
of che State of Delaware.” In the case of a voluntary 
association (unless some state statute authorizes the asso- 
ciation as such to enter into contracts in its associate name) 
dusert the names of the officers and some responsible 
members so that all become personally bound by their 
eignatures. 

Signatures of Contracting Parties. 

See that the signatures agree exactly with the names of 
the parties as first. written in the Agreement. In the case 
of a firm, the signature of the frm-name by one of the 
partners, in nearly all cases, binds the firm and each of its 
members. Obviously, it does not bind special partners 
except to the extent of their interest. It does not bind 
the partners in case the contract be for something not 
within the scope of the firm’s business. : 


On account_of the trouble of securing the signatures of 
the various partners, it is usual to accept the frm name ~ 
signed "by one of them, and in that case the signature of 
2 partnership should be the firm name, by , the 
name of the general partner signing, but again, if the most 
rigorous practice is to be followed, the signature will consist 
of the firm name and of that of each of the partners, 

_ The name of a corporation should be followed by the 
signature of the officer duly authorized to execute a con- 
tract, ¢. g., “Palmer Construction Co, by Peter Palmer, 
President.” The seal of the corporation must be attached 
or impressed and attested by the proper officer, ¢. g.5 
“Attest, Walter Palmer, Secretary.” 

In the case of a voluntary association the signatures of its 
officers and of a sufficient number of responsible individual 


‘members to insure the carrying out of the financial obliga- 


tion assumed by the contkact should be secured. 
Authority to Execute a Contract. 


(a) By an individual. There is ordinarily no legal bar 
to the execution by an individual of a centract for the 
employment of an architect or for the execution of work 
upon a building. 

(8) By a businesscorporation. It is important toknow—~ 

1. That the corporation has the right to enter into the 

proposed contract. 

2. That it has exercised that right by legal action. 

3. That the officer exeeuting the contract kas been duly 

authorized so to act by the corporation, 


_ It is common practice to assume that the Agreement, it 
signed by the president, sealed with the cor>oiate sea! and 
attested by the secretary, binds the corporation, Untess 
the signer’s auzhority to sign contracts for the corporation 
is a matter of common knowledge, however, there should 
be attached to the Agreement a certificate showing that 
general power to sign is fully vested in the one signing or 
else there should be attached a special certificate such as 
the following: 


Ata meeting of the Board of Directors of the... 
duly notified and held in....-__......-__....ON_-_—__» 19+ 
a quorum being present, it was 

Norep: That. A pated —the. ware 
be and he is hereby auchorized and directed in the name 
and on behalf of this corporation, 2nd under its corporate 
seal, to execute and deliver a contract isang cei 
sa ‘oF 
ed —, said contract to be in 
such form and subject ¢o such conditions as said....___ 
shall see fit. And said..-.._.._____.___.~is hereb 
further authorized and directed in the name and on behalf 
of this corporation and under its corporate seal, to execute 
and deliver to said Owner any bond or bonds he may see 
fir, to secure the performance of said contsact by thie 
corporation. 

True Copy. 
PAU. Sek. Se oe a —Seesstary 

(c) By any authority assuraing to expend public moneys. 
The waltdity of an agreement ‘between such bodies and an 
architect for his services is so charged with danger that no 
architect should enter inte such ap agreement except 
under advice of competent counsel. 


Witnesses. 


Witnesses at*signing are not necessary. If there ase 
witnesses there may be embarrassment in producing them 
in case of a contest, whereas, if there are none the sigeae 
tures may be proved by any competent evidence. ‘it~ 
nesses.are-of use only when one of the partics claime that 
what purports to be his signature is a forgery’, 


Seals. 


The attachment of che seal is a necessary part of the 
‘ygal erecution of a contract by a cornoration. 
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The use of a seal or of the word “seal” with the name of 
an‘individual or firm can do no harm, but since the only 
significance of a seal as used in ordinary contracts is to 
imply a consideration, and since all of the Institute’s forms 
of agreement recité considerations, the use of a seal, except 
in the case of a corporation, is quite unnecessary. A bond, 
however, by its very nature must be under seal. 


Notes on the General Conditions of 
the Contract. 


In some cases-the Articles as printed do rot include all 
wecessary, Gencral Conditions of the Contract. The 
Architect will then add such others as he deems wise. 

Many architects include in their General Conditions one 
or more of the subjects named below. Most of these are 
better placed in the specifications for the various trades: 
and others, though suited for inclusion in the General 
Conditions, are not always needed. Among these sub- 
jects are; 


Bracing building during construction, 

Charges for extra copies of drawings, 

Chases, im d : 

Checking by surveyor and his certificate, 

Contractor to keep the work in repair, 

Contractor to lay out the work, giving lines and levels, 

Contractor to work overtime if required, 

Fences, 5 

Heating during construction, ~~ 

Insurance against lightning, wind storms, hail and 
earthquake, 

Keeping building and cellar free from water, 

Ladders, 

Lanterns, x 

Offices and their furniture, 

Permission to use articles or methods other than those 
specified, 

Photographs, ; 

Protection and care of trees and shrubs, 

Protective coverings in general, 

Sanitary convenience, 

Scaffolding, 


bd . 
a of work in freezing weather, 
Telephone, 
Temporary enclosure from weather, 
Temporary stairways, oe 
Temporary wiring and electric lights, 
Vault permits, 
Watchmen. 


For further information of use in connection with the 
General Conditions, refer to the “Handbook of Architec- 
cural Practice,” published by the American Institute of 
Architects. : 


Notes on the Bond of Suretyship. 


The bond of Suretyship is drawn for use with either 
corporate of individual sureties. Ifa bond is to be given, 
this form, without additions or omissions, should be in- 
sisted upon to insure a full measure of protection. Proper 
certification that those signing the bond have authority so 
to sign, should accompany the bond. 


Notes on the Invitation to Bid, Instructions to 
Bidders and Form.of Proposal. 


The Institute formerly issued the above named forms 
which contain much value. Experience, however, 
showed that they had generally to be adapted to specific 
eases. They are, therefore, reproduced here so that Archi- 
texts may draw from them whatever they decm useful. 


Form of Invitation to Submit a Proposal. 


Dear Str: You ‘are invited to submit.a proposal for 
ee eee Drawings, Specifications and other 
information may be procured from this office on and after 
Penne Sepa kot pee All documents must be returned 
to this office not later than......-.--—sesce-seseeneeees tener ee 

To be entitled to consideration the proposal must be 
made upon the form frovided by the Architect, which 
must be fully completed :n accordance with the accompany 
ing “Instructions to Bidders” and must be delivered to 
this office not later than... 

Very truly yours, 


eee eenagsennn een ee ee a EY 


Form of Instructions to Bidders. 


Proposzls, to be entitled to consideration, must be made 
in accordaace with the following instructions: 

Proposals shall be made upon the form provided therefor, 
and ail blant: spaces in the form shall be fully filled; num- 
bers shall be stated both in writing and in figures; the 
signature shall be in long hand; and the completed form 
shall be without interlineation, alteration or erasure. 

Proposals shall not contain any recapitulation of the 
work to be done. No o:al, telegraphic or telephonié pro- 
posals or modifications m I} be considered. 

Proposals shall be add-essed to the Owner, in care of 
the Architect, and shall be delivered to the Architece 
enclosed in ar opaque sealed envelope addressed to him, 
marked “ Propesal” and bearing the title of the work and 
the name of the Bidder. 

Should a bidder find discrepancies in, or omissions 
from, the drawings or documents, or should he be in:doube 
as to their meaning, he should at once notify the Architect, 
who will send a wntten instruction to all bidders. Neither 
Owner nor Architect will be responsible for any orab 
instructions, : banyet 

Before submitting a proposal, bidders should carefully 
examine the drawings and specifications, visit the site or 


work, fully inform themseives as to all existing conditions. 


and limitations and shah include in the Proposal a sum to 
cover the cost of all items incl ided in the Contract: 

The competency and responsibility of bidders-and of 
their proposed subcontractors vrill be considered in making’ 
the award, The Owner does nct obligate himself to accepe. 
the lowest or any other bid. } 

Provision will be made in the Agreement for paymente 
on account in the following words: (Insert the provision.) 

Any Bulletins issued during the time of bidding are co 
be covered in the proposal and in closing a contract they 
will become a part thereof. 


Form of Proposal. 


(The Proposal should be dated and addressed te the Owner in care 
of the Architect.) 

Dear Sir: Having carefully examined the Instructions 
to Bidders, the General Conditions of the Contract and 
Specifications entitled. Rictaeeeverctascs 

(ilere insert the caption descriptive of the work ag used therein.) 


and the Drawings, similarly entitled, numbered. 
as well as the premises and the conditiors affecting the 
work, the Undersigned proposes to furnish all materials 
and labor called tor by them for... 


(Here insert, in case all the work there’ 
by one contract, “the entire work.” 


ed ix to be covered 
In case of a partial contract 
insert name of the trade or trades to be covered and the numbers 
of the pages of the Specifications on which the work is described.) 


in accordance with the said documents for-tke sum of 
Dollars ($.......-...)» Ifhebe notified 
of the acceptance of this proposal within... jaye 
of the time set for the opening of bids he agrees to execute 
acontract for the above work, for the above stated compen 


Specifications 


gation in the form of the Standard Agreement of the Ameri> 
ean Institute of Architects. 
Very truly yours, 


SUGGESTIONS TO ARCHITECTS USING THE ABOVE FORM OF 
PROPOSAL. 


The above form includes only such statements as will 
probably be required in any Proposal. Additions will 
usually have to be made to it. Suggestions suited to cer~ 
tain conditions are offered in the following notes. 

If the bidder is to name the time required for com- 
pleting the work, insert such a clause as the following: 

The undersigned agrees, if awarded the Contract, to com 

lete it within ______days, Sundays and whole 
lidays not included. 


Re Re ee ea EY 
de the signing of the Contract, a satisfactory bond in the 
form issued by the American Institute of Architects (second 
edition reissued 1918) and in an amount.¢ to the contract 
sum, and further agrees that if such bond be not required, he 
will deduct the proposal price the sum of. 


ar. ee 
Tica corclied check a nequired, the, follonidg-clause 
should be inserted: 
The undersigned. further agresy that the certifed check 
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payable to.___._____.__Ouwner, accompanying this 
proposah ts left in escrow with the Architect; that its amousd 
ts the measure of liquidated damages which the Owner will 
sustain by the failure of the Undersigned to execute and 
deliver the above named Agreement and bond, and that if the 
Undersigned defaults in executing that Agreement within 
—______days of written notification of the award of 
the contract to him or,in furnishing the Bond within... 
days thereafter, then the check shall become the property of the 
Owner, but if this proposal is not accepted within..__. 
days of the time set-for the submission of bids, or if the Under 
signed executes and delivers said Contract and Bond, the 
check shall be returned to him on receipt therefor. 


If alternative proposals are required, should be 
set forth, as for example, 

Should______be substituted for_.____. 
the Undersigned agrees to deduct (or will require the addition 
of) ___._.____.dollars ($.___) from (or te) the 
proposed sum. 


If unit prices are required as a part of the proposal, th 
should be set forth aay example: Pte tea 

The Undersigned agrees that work added shall be computed 
at the following prices, and that work omitted shall be come 


puted at_.___per cent less than these prices. 

Concrete Fiusibinn BG cubic yard, 
Rough brickwork. per thousand, 
Plasterin per yard. 


fea eID AL Ue ee 

Tf the names of subcontractors whom the Contractor 
proposes to employ are required as a part of the Proposal 
this requirement should be*set forth, as, for example: 

In case of obtaining the award the Undersigned will 
employ, subject to the Architect's approval, subcontractors in 
each of the several trades selected from the following list (one 
or more names must be insertea for each trade): 
Excavation 
Stone Masonry. 
Brickwork, 
1K. 
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Specifications 


To the Users of the Standard Documents of 


The American Institute of Architects 


JF YOU have given the new contract forms a fair trial, the results obtained 


are the best recommendation for their continued use. Others have found 


them highly satisfactory, and have so expressed themselves. 


By the President of the National Association of 


Builders’ Exchanges: 


“Our endorsement of the documents is not upon the ground that they are perfect, but because 
they are very well-considered and well balanced, and because they embody a very substantia} 
advance over any existing building contract forms, whether the old Uniform Contract, the first 
edition of the Standard Documents of the Institute, or any of the forms used by architects in 
various cities in their practice, either with or without the approval of the local contractors’ 
organizations. 


~ “If T should use just one word to designate the character of the new documents and their 
difference from all previous documents, I should say Certainty. If I were to add another word, 
I should say Justice,” 


By a Prominent Firm of Architects: 


“The Institute is certainly to be warmly commended:and congratulated for its work and 
success in compiling these Standard Forms, and this firm begs to express its highest appreciation 
of the efforts expended by the Institute as a whole, and the individual members, in the labor 
they have performed for the benefit of the profession at large, as well a3 for the honest contractor 
and owner.” 


By the Secretary of the American Institute of Architects: 


" “The Standard Documents are designed to help the arcl...cet in his work, by eliminating the 
difficulties often encountered in original forms prepared in the office, by eliminating personal 
worry and detail clerical work connected with such forms, and by establishing in his office a 
busines$-like system on which he may rely. 


“These documents represent years of thorough study and preparation by the Standing Com 
mittee on Contracts and Specifications, It is believed that they are the most useful forms ever 
devised to thoroughly safeguard the rights of all under a building contract.” 


This booklet should be saved and used for reference purposes in your office. 


The reprint is limited in number. 
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CHAPTER 33 


Estimating 


Since the cost of labor and material, and the conditions under 
which construction work is to be done are so variable, it is a 
difficult task to estimate with any degree of precision the cost 
of a building. The preparation of an estimate is an important 
part in the architect’s or contractor’s business, and upon the 
correctness of the estimate will depend whether the job will 
result in a loss, or yield a legitimate profit. 

Estimating is a study in itself and considerable experience is 
necessary to become a good estimator. The drawings and 
specifications should be followed closely in estimating, each item 
being listed separately rather than the makeshift method of 
“lumping”’ as followed by some contractors. In addition to the 
architect’s fee, the cost of a building is made up of: 


1. Cost of materials. 
2. Cost of labor. 


The architect usually calculates his fee as a percentage of the 
cost of the building. 

To illustrate how to estimate, a very small building will be 
considered, as the various points may be brought out without 
wearving the reader, thus clearly presenting the various 
necessary calculations. 


770 Estimating 


Example.—Estimate the cost of the small 
garage shown in the accompanying illustration. 


First estimate the cost of materials, then the cost of labor. 


1. Cost of Materials 


Foundation and. Floor.—Calculate cu. yds. of concrete form 


te 


Fic. 1,684.—Front view of small garage for which esti i i 
ae garag Ich estimate of cost is made in the accompany | 
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plan and end view of foundation ae floor (figs. 1,685. to 1,688), 
thus: 


Volume foundation: 
Section M = (8/12 X 8/12) X (2 X 20 + 11°42’, 4" +1’, 4") 


CPS SA tot By cece engi Cee ena aL = 182 cu. ft. 
Section S DY Pe eas Cael arog age ‘ 
SNES G Drea Feat a eset haere =x GD, ses 
ey Gi 45 Baier ee ccpapt hd aorcsong yabadon “ot = 156.8 ° “ 
Approach, Section L = °/12 [ees x 6) Z 
TORRY As TARE EAA B02 8 a Ge 
Total volume of concrete::::--:+:++ 05:2 10s reste reteset ee es = 273. cu. ft. 
on273., = -24.= ; . yds. 


yas. 1,685 to 1,688.—Concrete section of foundation, M, portion above floor line, S, portion 
below floor line; foundation, floor; L, approach for garage. Fig. 1,685, Plan; fig. 1,686, 
end view; fig. 1,687; fig. 1,688, section of approach. 
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Concrete for foundation and floor is generally mixed in the 
proportion 1: 2:4, which means 1 part cement, 2 parts sand, and 
4 parts gravel or crushed stone. 


A bag of cement is taken approximately as 1 cu. ft., and on this basis 
4 1:2:4 mixture calls fof the following proportion: 
1 bag cement : 2 cu. ft. sand : 4 cu. ft. stone 


Now since the cement fills the voids of the sand, and the sand; the voids 
of the stone, if the above proportion of materials be mixed together, the 
?alume of the above materials will be as follows: 


3 bag cement+2 cu. ft. sand+4 cu. ft. stone =41% cu. ft. concrete. 
Hence to make 273 cu. ft. of concrete requires 
273 +41% =61 units of mixture 
{<61=61 bags of cement 


2X61 =122 cu. ft. sand (=4.5 cu. yds.) 
4X61 =244 cu. ft. stone (=9 cu. yds.) 


61 bags cement @ $1.16 = $70.76 
4.5 cu. yds. sana @ $1.50 = 6.75 
9 cu. yds. stone @ $4.00 = 36.00 


Total cost of materials $103.51 


Sills.—Net length of sills allowing for lap joints at corners is: 
2X 20+12+1', 9"4+2/, 9" =5614 ft. 


For the two long sides, order two 20 foot lengths, and for 


the ends one 18 foot length, the latter being long enough for the — 


T2 foot sill at the back and the two short pieces at the front. 
With this arrangement total length=2 < 20 + 18 = 58 ft. 


However, the two long pieces will cost more per foot than the | 


short pieces; hence calculate each separately. 


Board Measure Rule.—Multiply length in ft. bv width in ft. of the board — 
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and multipiy this product by 1 for boards an inch or less than an tnch thick, 
and by thickness in inches and fractions of an inch for boards over 1 tnch thick. 


Accordingly, for 4 x 4 sills 
2 pieces 2U’ long = 2 X 20 X 4/12 X 4 = 5314 feet board measure (B M.) 
1 piece 18’ long = 18 X 4/12 X 4 = 24 feet board measure (B. M.) 


Now, if price for the 20 ft. lengths be, say. $38 per 1,000 ft. board meas- 
ure, and for 18 ft. length, $36, then cost of sills will be 
2 pieces 4” & 4” X 20’, 5314 ft. B. M. @ $38 


Tara =e EA) (ole hee ae 
WINDOW WINDOW 


SIDE FF'=13 STUDS 
» Li'=13 9 


” LF=9 » 
»~ LEE5S 9 
ER ST ” 
CORNER POSTS & STUDS 48 STUDS 
LINEAL FEET— —— ---48x 10-—---~ ~ hao! 
” 47 PLATE 2(2x20-2xi2)___ #6! 
STUDDINGIOTAR= = — => ee Soo! 


WINDOW ws 


= = f Lert SCO COAL Oa MORTEM ECE eee ce et 
1,000 of $38 $2.03 
and ; 
1 piece 4" X 4” X 18’, 24 ft. B. M. @ $36 
7D COCOONS i63 eecAinta R k Ae A RO > Ke a .06 


}.000 _ Total cost of sills $2.8? 
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Estimating 


Studding Corner Posts and Plate.—Calculate total length of 
2 x 4 lumber required for studs, corner posts and plate. From 
fig. 1,689, number of studs (counting one under each window) 


is 46, and for 10 ft. studs: 


total length of studding.and corner posts = 48 x 10 = 480 ft. 
If the plate be made two layer, then 


lOMFRIEZE— 
FURRED OFF ig 


10""SHEATHING 
6' LAP SIDING 


BUILDING PAPER 


FURRED OFF 
CONCRETE FOUNDATION 


Se 
a 


GROUND LINE a 


—— 


a= = 
=== 


COMBINED 
> by LOOKOUT 
AND JOINT 


Fic. 1,690.—Elevation showing construction of water table, siding, cornice, rafters, etc., with 


dimensions for estimating. 
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length of plate (allowing for laps) = 2 (2 x 20 +. 2° 12) = 128 ft. 
Combined length of stud corner’ posts and plate = 480 + 128 = 608 ft. 
608 ft. of 2 x 4 studding = 608 x 4/12 xX 2 = 405 ft. board measure. 
If the price be $24 per 1,000 ft. B. M., then 

405 


604 ache : 
000 ° 24 $9.72 


cost of studding, corner posts and plate = 


Sheathing.—Calculate the exact surface to be covered, that 
is, calculate total surface and deduct openings for doors and 
windows; then, add 1/;. for 12” boards, 1/1) for 10” boards, % 
for 8’’ boards, etc. 

These additions are due to the fact that on account of season- 
ing and dressing, a 12’’ board becomes about 1114”, a 10” 
board, 924’, an 8” board, 734’, etc. The additions specified 
approximately allow’ for waste. Fig. 1,690 shows height of 
sheathing to be 10’ 4”, or 10.3. Accordingly calculating surface 
to be covered by sheathing: 

Gross area sides =2 (10.3 20)-+-11:01sseceece tence eee eee eres = 412 sq. ft. 
Gross area ends =2 (10.312) «11-1110: eens = 247 te 
Area four, 3 X 6 window openings on side, 

An Ka3 <0) I emsde it, 


Areaone, 35 < G:window. “7 = 2 -< 6 =18e\% ~* 
Area “* 2146 X 6% door ‘“* = 2% xX 6% =16.7 “ “* 
Area “© 74%X9 os PONE AL ap, <i teats eV fers hewn soba 


174.2 rT 659 «= Te 
deduct 174.2 “* .** 


Net area to be covered 484.8" * 

Say 485  “ 

Usin say 10 in. boards for sheathing add 10%, given nef 

area for calculation 485 x 1.10 = 534 sq. ft. Amount of 1” 

sheathing required = 1 X 534 = 534 ft. B. M. Price of 
sheathing @ $18 per 1,000 ft. B. M.: 


34 of $18 =$9.61 
2.000 | 


al 
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Area of Openings 


WIDE —_————_ W1DE-—_____—_— 
a2” 24” 26” 28” 30” 32” 34” 36” 
a’'10? 20” 2'2" 2’ 4" 26” 28” 710” 8 §=3'0” 
——————-SQUARE FEET: HIGH —_————- SQUARE FEET: 
3°67 4.00' 4.33 4.67 24"=2' 0” 5.00 5.33 5 67 6.00 
3.82 4.17 451 4.86 25”=2' 1” 5.21 5.56 5.90 6.25 
3.97 4.33 4.69 5.06 26’=2 2” 5.42 5.78 6.14 6 50 
4.12 4.50 4.87 5.25 2"=Y 3” 5.62 6.00 6.37 6.75 
4.28: 4 67 5.05 5.44 28”—=2' 4” 5 83 6.22 6 61 7.00 
4.43 4.83 5.24 5.64 297’=2 5” 6.04 6.44 6.85 7 25 
4.58 5.00 5.42 5.83 30’=2 6” 6.25 6.67 7.08 7.50 
4.74 §.17 5 60 6.03 31’=2' 7” 6.46 6.89 7 32 7.75 
489. 5.33 5.78 6.22 32" 2 2 6.67 7.11 7.55 8.00 
5.04 5.50 5.96 6.42 33"—=2’ 9” 6.87 ihe 7.79 8.25 
5.19 5.67 6.14 6.61 342’ 10” 7.08 7.55 8.03 8.50 
5.85 §.83 6.32 6.80 35/2" 11” 7.29 7.78 8.26 8.75 
§.50 6.00 6.50 7.00 36’=3' 0” 7.50 3:00 8.50 9.00 
5.65 6.17 6.68 719 37”=3’ 1” 7.71 8.22 8.73 9.25 
5.) 6.33 6.86 7 39 38”=3' 2” 7.91 8.44 8.97 9.50 
5.96 6.50 7.04 7.58 39’=3’ 3” 8.12) 8.66 9.21 9.75 
6.11 6.67 7.22 7.78 40=3' 4’ 8.33 8.89 9.44 10.00 
6.26 6.83 7.40 7.97 41"=3' 5” 8.54 9.11 9 68 10.28 
6.42 7.00 7.58 8.16 42”=3' 6” 8.75 9.33 9.91 10.50 
6.57 TAT 7.76 8.36 43°=3’ 7’ 8.96 9.55 10.15 10.75 
6.72 7,33 7.94 8.55 cq’ gi 9.16 9.77. 10.39 11.00 
6.87, 7.50 8.12 8.75 45¢=3' 9” 9.37 10.00 10.62 11.25 
7.03 7.67 8.30 8.94 46”=3' 10” 9:58 10.22 10.86 11.50 
7.18 7.83 8.40 9.14 47”=3’ 11" 9.79 10.44 11.09 11.75 
7.33 8.0 8 66 9 33 48"=4' 0” 10 00 10.66 11.33 12.00 
- W1IDE——_—____——-—"—-- WIDE. 
297, 39t24" 26” 28” 30” 32” 34” 36” 
1’ 10” i 0” BH pie oY 4” 2? 6” . yi 8” ? 10” 3 Oo” 
——————-SQUARE FEET HIGH SQUARE FEET 
7.48 8.17 8.84 9.52 49’—=4" 1” 10 21 10 88 11.57 12.25 
7.64 8.33 9.02 9.72 50"=4’ 2” 10.41 11.11 11.80 12.50 
7.79 8.50 9.20 9.91 51”=4’ 3” 10 62 11.33 12.04 12.75 
7.94 8.66 9.38 10-11 524’ 4” 10.83 11.55, 12.27 13.00 
8.09 8.83 9.56 10.30 53"—=4’ 5” 11.04 11.77 12.51 13.25 
8.25 9.00 9.75 10.50 544’ 6” 11.25 11.99 12.75 13.50 
8 40 9.16 9.93 .. 10.69 55"=4" 7!" 11.45 12.22 12.98 13.75 
8.55° > 9183 10.11 10.88 tag! 11.66 12.44 13.22 14 00 
871) 5) 9.50, 10.29 11.06 57"—=4' 9” 11.87 12.66 13.45 14.25 
8.86 “9.66 10.47 11,97 58”"—=4’ 10” 12 08 12.88 13.69. 14.50 
9.01. .9]83) 10:65. - 11.47, | «~SO”—=4’ 11” 12.29 13.10 13.93 14.75 
9.16) »> 10,00, ., 10.83 11.66 60’=5' 0” 12 50 13.33 14.16 15.00 
9,32 10.16: ‘11.01 11.86 61"=5' 1” 12.70 13.55 14.40 15.25 
9.47 10.33 11.19 12.05 62"=5' 2” 12.91 13.77 14.63 15.50 
9.62,,, 10,50, 11:37 12.24 63’=5' 3” 13.12 13.99 14.87 15.75 
wig 10.66 11.55. 12.44 64"=5' 4” 13.33 14.21 15.11 16.00 
9.93} \ 40.83 11,73 12.63 65"=5' 5” 13.54 14.44. 15.34 16.25 
10.08 11.00 11.91 12.83 66’=5' 6” 13.74 14.66 15.58 16.50 
10.28) «21.16 12.09 13.02 -} 67”=5' 7” 13.95 14.88 15.81 16.75 
10.39 11,33 N2ia7 4 S22 68"=5’ 8” 14.16 15.10 16.05 17.00 
10.54 11.50 12.45 13.41 69’=5' 9” 14.37 15.32, 16.29) 17.25 
10.69 11.66 12.63 13.60 70/=—=5' 10” 14.58 15.55 16.52 17.50 
10.84 11.83 12.81 13.80 71/5" 11” 14.79 15.77 16.76 17.75 
11.00 12.00 13.00 14.00 72"=6' 0” 15 00 16.00: 17.00 * 18.00. 


Explanation—For the square feet in an opening 36 by 58 inches read in the 36-inch columa, 
opposite 58 in the center 14,50. 
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Building Paper.—‘‘Rosin sized” paper is the cheapest but is 
not water proof. Dry felt is used where better protection from 
cold is desired. The cheaper grades are made of wood fibre and 
rosin, and the better grades of wool. Tar felt is used where 
moisture is to be resisted. As it is desirable to resist both 
moisture and cold in the garage use best grade of tar felt. - 

Building papers are sold by the pound, coming regularly 4 
15, and 20 lbs. to the 100 sq. ft., and in rolls of various widths 

Using the heavy 20 lb. paper: 

Total weight of paper = 20 a = 97 lbs. 


Price of paper @ say 1l%c. per lb. = 97 & .015 = $1.46 


Water. Table.—This is a piece of finished lumber size 1 x 6 
extending all around the building except at doors. 


Net length 2 x 204+ 2 & 12 — (2464. 7\%) = 54 ft. 
Price 54 lineal ft. 1 x 6 finished @ 414c. per foot = $2.43. 


Drip Cap.—The net fength of drip cap will be same as that of 
water table. 


Price 54 lineal ft. 2” drip cap @ 2c. per foot = $1.08. 


Lap Siding.—For bevel or lap siding calculate the exact 
surface, deducting for window and door openings; this gives 
net surface to be covered by the siding. Now since part of each 
siding plank overlaps the adjoining plank, add 25% for 6". 
siding when laid 414” to the weather; 50% for 4” siding. 

The net area to be covered may be taken as for the sheathing 
less area taken up by frieze and sheathing above plancher. 

Height ‘sheathing 10.3 ft.; height siding=10.3-1’ 10”=10.3—-€.8= 

8.5 ft. Accordingly “4 

area siding =485x oe = 400 sq. ft. 
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_ Using 6” siding laid 414” to the weather add 25% to this area 
400 X 1.25 =.500 sq. ft. 
from which, quantity of siding required is 
8/19 X 500 = 250 ft. B. M. 
Price of siding @ $33 per 1,000 ft. B. M. 


Frieze.—This is the finished plank which forms an ornamental 
border all around the building at the upper limit of the siding, 
windows and doors. 

Length of frieze = 2 *K 20 + 2 X 12 X 64 ft. 
Price of 64 ft. of 1 X 10 frieze @ 8c. per foot = 64 X .08 = $5.12 


Plancher.—This horizontal area of finished planking runs all . 
around the building as shown in figs. 1,684 and ,1690. Asseen 
in ae 1 690, it is 15 ins. wide. Hence area to be covered is: 


He X20+4x +2 x 12}. = 86.25 sa. ft. 
This will be the quantity B. M. 
Price of 86.25 ft. B. M. of 84 X 314 frieze @ $56 per 1,000 is 


ascin This extends all around the building, hence: 


"2 (204+ 8) +2024+8 = 72 ft. 
I ’Price of 72 lineal ft. of 6 in. fascia @ 5c. per ft. is 
(72 wa 5 tea Besta aischtla eee Be eon CRE SREY BEE Beene $3.60 


( 
Cd 


Bed and Crown Mouldings.—Both of these like the fascia 
extend all around the building but are of different lengths. 


% 
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length bed moulding 2 x 20 + 2 xX 12 = 64 ft. + 2’6” 66’6” 
length crown moulding same as fascia = 72 ft. + 2’6” 74’ 6” 


Thus to above neat measurements 4% has been added for cutting. 
Price 66’ 6” lineal ft. bed moulding @ 4c. per ft. = 66.5 X .04 = $2.66 
Price 74’6” lineal ft. crown moulding @ 4c. per ft. = 74.5 X .04 


= $2.98. 


fe 
pa LILI 


me SG 


e 


Fic. 1,691.—Skeleton plan of roof to estimate rafters. 


*Rattera “There are three kinds of rafters used: hip rafters, 
hip jack rafters, and common rafters. For V pitch (33°): 


Length of hip rafters per ft. run of common rafter = 18.78 (1) 


Length of common or jack rafters per ft. run of common rafter = 14.42 (2) 
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Hip rafters 


In fig. 1,691, the total run of common rafter CR (including 
tail) is 7’ 4” and allowing for extra stock for vertical cut at 
end, call run, say, 8 ft. then total run of the 4 hips is 4 X 8 = 
O2iit, ‘ 


Multiplying by the factor in (1) 
Total length of 4 hip rafters is 


Common rafters 
Length of run for common rafters as found above is 8 ft. 
Rafters and Gables 


Fourts PitcH 


= 


4 1 
1 1 
6} 2 
0} 2 
7] 2 
8 | 3 
0} 3 
o| 4 
1] 4 
2] 5 
4] 65 
5 | 6 
6 | 6 
8 | 7 
O 7 


ecoeoceoo 90°0o°o aoa - 


— 
_ 
o 


To the lengths of rafters above given, must be added the desired projection for cornice. Add 
also to make stock lengths. 

For length of rafter on one-way roofs, take the rafter given for double the width thus: The 
Phe for a one-way roof on a building 10 feet wide, 4th pitch is that given for 20 feet wide or 11 feet, 

inches. 

In area of gable above given no allowance is made for waste or laps. - 

To verify above or obtain length of rafters for buildings of other widths than above given 
aultiply the width of building by .559 for 4th pitch; by .6 for 3d pitch and by .71 for half pitch. 
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There are 12 common rafters as counted in fig. 1,693; hence 
total run of all the rafters is: 


8 X 12 = 96 ft. 


Mtuitiplying by the factor in (2) 
Total length of 12 common rafters is 


14.42 


12 fee) Malu nts intytaveintsis <°s]5ivinialel siete bivicie\eralela’eleje cle 'sTe 115 ft. 


‘ Jack rafters 


Taking one corner in fig. 1,691, by measurement run of JA, 
4- run of J’A’, = 8’, 7’ and allowing for tail cuts cali it9% 
ft. Since there are 4 jack rafters at each corner, total run for 
all the 16 jacks is: 


(2X94) x 4 = 76 ft. 
Multiplying by factor in (2), total length of 16 jacks is © 


Total stock for all rafters is 50 + 115 + 91 = 256 ft. 
which, using 2 < 6 rafters amounts to 


256 X S/io X 2 = 256 ft. B. M. 


Price of 256 ft. B. M. of 2 X 6 rafters @ $24 per 1,000 ft. 
B. M. is 
256 


1000 000 of $24 ee COT ICRY CCIADOE CNC SOEGOR SCO Dean $6. 14 

Combined Look Outs and Joists.—One of these is nailed to 
each pair of common rafters and jacks extending across the 
building and also fastened to the studs, serving as support and 
nail surface’ for plancher and ceiling. By count in fig. 1,691 
there are 9 of these combined look out and joists each as MS, 
14’, 8” long; in addition there are two end pieves he and 
L’F’, each 12 ft. long. 
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1434’ X 9 = 132 ft. 
Wie ae ae tts 


Total length = 156 ft. 
Using 1 X 4 stock amounts to 
156 5 = ait eM 


Price of 52 ft. B. M. of 1 X 4 combined look outs and joists @ $25 per 
1,000 ft. B. M. is : 


Ceiling and Walls.—For sides and ends the calculation for 
area to be covered as made for sheathing will be close enough; 
this was found to be-485 sq. ft. 


Add to this area of overhead surface which is (working to inside dimen: 
sions, that is deducting 10” from outside dimensions) 


—— 


Capacity, in bushels, of cribs or bins, each Eight 
feet high in the clear. 
WIRTH. —_——————_ WIDTH: 


3: 8 10 12 14 16 18 22 26 30 
-BUSHELS ee 


2263 ©. 2546 3111 3677 4243 
2468 = 2777 3394 4011 4628 
2674 3008 3677 4345 5014 
2880 3240 3960 4680 5400 
3086 = 3471 4243 5014 5785 
617 1646 2057 2468 2830 32 3291 _ 3703 4525 5348 6172 


* How large a bin shall I build to hold 800 bushels? is a very common question. To answer this 
and similar ones instantly is the object of above table, thus: How long a bin 8 feet wide and 8 feet 
high is required to hold 800 bushels of oats?, Run’down the 8-foot column until 823, the nearest 
pe to 800 bushels, is reached, and opposite, in the center column headed length, is 16, the length 
fequired.. : : ae ; x 

Fox ear corn divide above quantities by 2; £4, 'a bin 88x16 will hold only 411 bushels ear corm, 
For bins 10 feet high add 14 to above. ; 


Length 
4 
5 
6 
7 
8 
9 
10 
4 
1 
823 1029 1234 1440 16 1646 =—-:1851 2263 2674 3086 
18 3008 
20 
22 
24 
26 
28 
30 
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AV E2 TEXTS 2 EXO NT =" 214 sqe ft: 


making a total area of 
485 + 214 = 699 sq. ft. 


If say 314” tongue and groove ceiling ‘be used, increase the area by 25% 
to allow for lap obtaining 


gross area 699 & 1.25 = 874 ft. 


Price of 874 ft. B. M. 34 X 3144 M. & B. ceiling @ $42.50 per 1,000 ft. 
B. M. is 
874 


ie OLB seceseas Pe eer Pee Bid ner 27.15 
000 X #4 | $37.15 


Roof Boards.—Since the building is symmetrical with respect 
tg its axes, consider only one half in calculating area, multi- 
plying result by 2. : 


In fig. 1,691 area triangular sections CRH, and C’R’H’, is 
equal to the area of square whose side is equal to the length of 
the common rafter. 


Length of common rafter, using factor 14.42 previously given, and dimen- 
sion CR, in fig. 1,691, is 


er ae W4Ae 4 14.42 — 
HS ES ge 742 X aac 8.9 
and area sections CRH and C’R’H’ is 8.9 & 8.9 = 79 sq. ft. 
area of triangular sections HRM and H’R’M’ = 
area triangular section CRH and C’R’H’ 37 6°) ae 
area rectangle RMM’R’ = MM’ & length of 
FEA ONG See eae Ae 


5, ae VES aa a 
eopomies: Santer ee 4 12 Half area roof 229 ‘‘ ‘ 


total area roof 229 2 = 458 sq. ft. 
e 
If boards 3” wide be used spaced 514” centers, this will give 514 — 3 = 
2}4 in. spaces, and the portion of roof left uncovered by this spacing will be 


22 of 100% = 45% 
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hence in finding B. M. deduct 45% of roof area, that is 
45% of 458 = 206 sq. ft. 
which deducted from total area or 
458 — 206 = 252 sa. ft. 
The boards being 1 in. thick, 252 is also the amount board. measure. 
Price 252 ft. B. M. of 1 X 3 roof boards @ $29 per 1,000 ft. B. M. is 


252 
1,000 


OE SIO de We, Bin got. Oe Rent $7.31 


Shingles.—Ordinary wood shingles are furnished in random 
widths, but 1,000 shingles are equivalent to 1,000 shingles each 
4 ins. wide. Dimension shingles aré sawed to a uniform width, 
being either 4, 5, or 6 ins. wide. 

A bunch of shingles contains the 2quivalent of 250 shingles of 4” 
average width. 

When estimating the number of shingles to cover a roof 
the spacing of the shingles “‘to weather’? must be considered, 
that is, the distance each shingle is exposed. 

Another item to be considered is the waste in doubling the 
first course and in laying. This will amount to 8% for a plain 
roof and 12% for a hip roof. 

The following table will be of value in estimating shingles: 


Shingle Table 


Actual number per square 
Distance ——_— ——— 


laid to | Plain roof Hip roof —’ 
weather Without waste 8% waste 12% waste 

4 900 ° 972 1008 

4% 800 864 ~ 896 

5 720 778 806 

5 655 707 734 

6 600 648 672 
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— 


Estimates of shingles in this table as seen in the heading 
are based upon the square; that is, a square area whose sides 
are 10 ft. A square then is an area of 10 x 10 = 100sq. ft. 


The area to be covered is as found for roof boards (without deduction) 
458 sq. ft. which is equivalent to 


458 + 100 = 4.58 squares 


Now using 18” shingles, which allows a spacing of 514” to weather and 
allowing 12% waste for hip roof as per last column in table, 734 shingles 
are required per square or, for the entire roof 


734 X 4,58 = 3.362 shingles 
this is equivalent to 
3,362 + 250 = 13 bundles 


The 51% spacing requires 18” shingles. Accordingly, using 18 in., say 
“No. 1 Perfection’’ shingles, @ $9.75 per M, then price of shingles is 


oa ERO TE all - chgs e ores oven aes bat 371,69 


Mill Work.—Such parts as doors, windows, are usually and 
most economically bought from the mill rather than made on 
the job. In fact it would not be practical to make these parts 
without the special machinery used in sash door and blind 
factories. 


Windows.- -There are four, 2’ 4’’ « 4’ 10’’ windows. Prices 
for these are obtained from dealers, or as listed: 


jayeter Way hy drtaheaVeeeyah, We Meee airmen ie a ee de hee hy $ 4.00 
Price Of 2isash, @'$2.(54. sae eee aa 5.50 
‘extras, weights, pulley, etc................. a ie 

‘ $10.25 


Price 4 windows, @ $10.25 = 10.25 X 4 = $41.00. 
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Doors.—The cost of the small door in rear will be about as 
follows: 


The price of the door is sometimes estimated on basis per sq. ft. Accord- 
ingly for 2’6” < 6’8” door, area = 214’ X 6%4’= 16.7 sq. ft. A good 
quality paneled door with sash @ 55¢. per sq. ft. will be 


GEC eee ee Raia iros Eee - LBP ALE oid Se eR Oe $ 9.19 
‘Frame’: Aes ee nes Oe es Se ee), Se Sean a eee 3.50 
Hardwarei(locky hinges-etc-) cee saree eae i beg Ass 


Yo i 
Price small rear door complete $14.44 


The price of large door will vary considerably, de- 
pending on construction and material. For double door 
hinged medium quality, figure: 


RAMOS olor tr tecvaae ewe eee eee ee $ 8.50 
Two doors @ $19.50 each.......... 39.00 
Hardware (lock, hinges, etc.)....... 2.50 
Large doors complete..:-...........$50.00 $50.00 
All doors and frame complete......... sl ge Cae a aera $64.44 


Shutters.—The windows should be provided with shutters 
as a matter of security and for insulation in cold weather. 
Ornamental paneled shutters made of clear Western cedar at, 
say, $4.25, per pair will amount to: 


4,25 x 4 ane A gh Gu lems encs ts Scala naliony. ov, Sy RNOTRL oho cpie teaier Sack Mei eneraieie re tent $17.00 
hardware at 50c. per window, add 

"SO Se. Awe Pas tae ais eee ne ees 2.00 

Price all. shutters<completé-.issstae a ee $19.00 


Nails.—By aid of the table following the quantity of nails 
may be quickly estimated for the various items in construction. 
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Nail Table 


Quantity 
Materials nails Kind 
required 
in Ibs. 
Joists and sills...... per 1,000 ft. B. M. 25 common 
Studding:— oo". ‘s a ai ne 15 ¢ 
Rafterss oe tinh. eo0 15 A 
Sheathing, siding....} ° 20 i. 
Comices ~ is See lineal feet 25 finish 
co) aya tad Et over eed REE M (1,000) 4 common 
Bevel siding........ 1,000 ft. B. M. 18 ‘. 
Ceiling, wainscoting. tN 20 is 
Floors, pine......... 30 % 
Floors, hard wood... 30 oh 
Base board......... 12 finish 
Window trim one side | 
Door trim one side. . 7) 
Jedi ye Pra odors 1,000 common 
. pine 
Lattice for porches. . 1,000 sq. ft. 3 
Balustradey.7::... - “lineal ft. casing 
Estimating quantity of nails for each item: 
Sills 
TIE al SN 20d common nails 
‘ : 77 
= f 25 IPSS, Mechs ce eee. avers : ‘ 
nails required 1,000 fe) S 1.9 Ibs 
Studding and Plate 
392 ft. B. M. 10d common nails 
: . 392 
= 1 RE eR Mt OF ax 
nails required 1,000 of 15 Ibs 5.9 
Sheathing 
402 ft. B. M. 8d common nails 
nails required = wn OHO in Nea Gan ten San poke fel) 


Forward 15.8 * 
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Nails, brought forward 15.8 Ibs. 


Water table . 
54 lineal ft. 8d finish nails 
nails required = = Of ISDS 22h ane cae ace teeta a? 
Drip Cap 
54 lineal ft. ° 8d finishing nails 
nails reyuired same as water table................ I vGas 
Lap siding 
198 ft. B. M. 8d common nails 
nails required = as O20 lbs =" As eences mee ley Wee. 
Cornice 


Length of cornice 
ay (20 + 2) a+ a(r2 + >) =~72 lineal ft. 
15 15 
&d finish nails 


: : 72 
i ed = —— of 5 Bote hts Fete whee (See 
nails requir Ti of 25 Ibs 1.8 
Rafters 
256 ft. B. M. 10d common nails 
: j 256 Z 
1 = il eM Mert ohio. fee hah 
nails required 1,000 of 15 Ibs 3.8 


vombined look outs and joists 
52 ft. B. M. 10d common nails 
Se eS ieee 


TOOT ee OSH wens eaves pes 
Forward 32.6 ‘’ 


nails required = 
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Nails, brought forward 32.6 Ibs. 
Ceiling and wall 


770 ft. B. M. 6d common nails 
: : 770 
-- user Wee. ON eG ay 
nails required 7000 of 20 Ibs 5.4 
Roof boards ’ : 
254 ft. B. M. 8d common nails 
: ; 254 « 
nails required = 7,000 fe ORL Sh Oneeen acus heen cyan Bal 
Shingles , 
3,362 shingles 4d common nails 
; A OroOe 
Se eS GR bse ee ha 13:5 
nails required T,000 of 4 Ibs Sis 


rice or 66:6 (bs. nats @-5cy per lb. =... act cae gh ons ell 2. 83.33 


Paint.—Take roughly as surface to be covered the area found 
by multiplying height from ground to crown moulding by dis- 
tance around building. Calling tae first factor 10 ft., then | 

exterior area to be painted = 10 X (2 X 20 + 2 X 12) = 640 sq. ft.’ 


For three coats of paint on wood one gallon of paint should 
cover from 175 to 200 sq. ft., of surface. If dark colored paint, 
such as gray, tan, buff, drab, etc., be used in three coat work 
on weather boarding or matched boards, one gallon of paint 
should cover from 200 to 225 sq. ft. On a basis of say 200 
sq. ft. per gallon for 3 coats: 

Paint required = 640 + 200 = 3.2 gals. 
nice sisdlsn paint.@ pel per Pal mnt klein: ink cachet $7.50 


Estimating for the ceiling and walls, the area as found ig 
770-sq. ft. 

If three coats of varnish be applied, one gallon of good spar 
finishing varnish should cover from 150 to 175 sq. ft. of Sue: 
On a basis of 150 sq. ft. per gal. for 3 coats: 

Varnish required = 770 + 150 = 5.1 gals. pe ear 
Price 5 gals. varnish @ $4.00 per gal. = ..............000 008 $20.00 
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2. Cost of Labor 


In estimating the cost of labor the estimator should tabulate 
the time required for each item on: basis of hours required per 
1,000 ft. B. M., as given in the accompanying tables. Then 
the cost can be easily figured knowing the scale of wages paid 

-in the locality of the building at the time of erection. 

The accompanying tables are based upon the work of one 
carpenter of average ability. Where a number of carpenters are 
employed under one foreman the time allowances given in the 
tables can be reduced in some instances as much as 50%. 
These tables which follow are as given by Prof. Ira Samuel 
Griffith of the University of Missouri: 


Time Table for Framing and Covering 


Hours per 
1,000 ft. B. M. 
Sills and Diates' G18", NO WaAlNs OF. MOLLISeS =p eee ere rene perenne 20 
Si eu oe gains NO: MOLtisesas see eee 40 
a a SO SUSE gains anid MoOrtises.). emis sexteeeeete tae 60 
Joists:and box sills: (3; ah.Atin + oti dao eena e e ao ae eee 20 
Studding i i SPE Pa NN ae ren ENA Ovi Etat Se ANd re 32 
yA als RN Powe, oe Cae ras Ok eee 23 
Rafters:2)>< 4, :plain gable roofers... came ee eee ee 40 
“ “x “hip roof add 5% to 30% for each hip or valley ‘ 
Narre o 6; plain gablewrdohin tes sles cece One ee 27 
“ “x “ hip roof add 5% to 30% for each hip or valley 
Sheathing, square edged, horizontal swallsvacs) 1) en eee 16 
“diagonal Splice carted copter ee eee 19 
ies) “s) smatched wallstza te gac.ctaed ge ack ene 24 
ne oy "4 “4 GlApOnali. nc kch eer eee eaeh Se 
I, for floors, sub floors, square edged 5. i. tus ae 10 
ss * *“* square edged diagonal.............. 12 
Roof sheathing, plain Babies TOE! {ch ka Shes, Mae ee erm ee 13 
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Table—Continued. 
Hours per 
1,000 lineal ft, 
COMMICES Fee eT OA CE Erne chk 400 to 800 
Wraterstablesjanembet se eiier sh sc es rons hee so 6 Meee berate 4 Sep He 220 
Wormer boarder i5 shia pi Wb ecyine) oil ashe te ME teas ty Ne oleae f 73 
| S35) Loh oeh GA che Spe  PuF  ueS om DONE, SIDI OE TCR Ee eae 195 
Hours per 
1,000 shingles 
Shinglings plainroohnew worken ood... eee nus whic ts sete bo 3% 
ay hips and valleys add 5% for each hip or valley 
as old work, add 20% for labor of removing old shingles 
si sidewalls plaints ses fen ne. eee cee eee ae 5% 
a fo GA PLAN CVE oe Met ara hot sorta ee aa ee 8 
Hours per 
1,000 ft.B. M, 
Sings DEVEr Ones ncs cua om pain era eats aes rie ae reitek oe ee Ais oo: 
es AO OOS ie een Sete Cartate aia io ah ce ie eee Raed apy Orie Bn 42 
at ASHP Ape ett see Aol Aue ed Se ees eS eh Eee rH 
“« drop, when window and door casings and corner boards are 
placed'over'Siding. 2.0.4.6 wy sess oe CORTE Rote 20 
«drop, when jointed between casings and corner board...... 32 
Surtacedibarmboarden oc uateae t eat ay, ae oe att eee oes eee 11% 
GENIN OESEORE Apr ed: Se OR ido eh cds MATT LAND en en had 53 
Wainscoating, cut, put up, finished with cap and 4 round, in a 
Govelling ee aaa. Cee ke nants tur Ge aN acasiunnoleetins 46 


Time for Excavating.—Where it is necessary to excavate for 
trenches, piers and footings in either sand or loamy soil, and 
when the excavations extend to a depth of not over 5 or 6 ft., a 
man should excavate and throw out of the trench from % to 1 
cu. yd. of sand or loamy soil per hour or at the rate of 7 to 8 cu. _ 
yds. per 8 hour day. The above quantities do not include the 
time for back filling which will have to be added. 


Excavation for Foundation and Floor.—Roughly, call the 
volume to be excavated equal to 34 volume of the concrete. | 
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Accordingly: 
34 of 10 cu. yds. =7.5 hours 


(assuming 1 cu. yd. excavated per hr.) 
This together with back fill, leveling, etc., call 10 hours 
Cost 10 hours, laborer @ 85c. per hour = $8.50 


‘Cost of Concrete Work.—As found the quantity of concrete 
required is 10 cu. yds. If the concrete be mixed by hand 
with only one mixing board and shovelled directly from the 
mixing board into the forms o1 trenches, it will require from 
314-to 31% hours labor for one man to mix and deposit one cu. 
yd. of concrete. On a basis of 34% hrs. per cu. yd.: 


Time = 10 X 34% = 35 hrs. 
Cost concrete work @-90c. per hr. = .90 X 35 = .............. $31.50 


Cost of Carpenter Work.—With aid of the time table the 
various items are estimated as below. Where the exact item is 
not given in the table, an approximation is made. First the 
entire time for construction is estimated and then cost of same 
figured rather than cost of each separate item. 


Sills 
77 ft. B. M. @ 30 hrs. per 1,000 ft. B. M. 


; He 
| Time = 1,000 OF SO AST ==) 5 Seta oe en tenon er eenioene 2:3 hrs. 


Studding, corner posts and plate 
392 ft. B. M. @ 32 hrs. per 1,000 ft: B. M. 


392 
Time = -~ of 32 hrs. = 


T,000-08 92 BES: Fete ye cer eeeee ees 12. 5ures 
Sheathing 
442 ft. B. M. @ 16 hrs. per 1,000 ft. B. M. 
Time = Bt Of RO.RES c=8", nar ree cosh bee ee eae Ta 


1,000 
Forward 21.9 ‘ 
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Labor, brought.forward 21.9 hrs. 
Building paper 
Not given in table but allow for this, say................ Nat ob 


Waier iable and drip cap 
54 lineal ft. @ 220 hrs. per 1,000 lineal ft. 


+ 34 68 
Time = 1,000 OLPOZOLDTSS Pte ctr eee alc 11.9 
Lap siding 
464 ft. B. M. @ 42 hrs. per 1,000 ft. B. M. 
; 464 iS 
Time = T,000 OL AZ DS st ta. eee, a ee es 19.5 
Cornice 
74 lineal ft. @ 160 hrs. per 1,000 lineal ft. 
M4 74 66 
Time = 1,000 Olil OO Whrs ar oki kechtec tte one 11.8 
Rafters 
256 ft. B. M. @ 27 hrs. (+ 20%) per 1,000 ft. B. M. 
256 
j = — 7 = oe 
Time = 1,000 Ob 2s hrs 20g ae Ae ees Bisus 


Combined look outs and joists 
52 ft. B. M. @ 32 hrs. per 1,000 ft. B. M. 


52 
] j = 2 = Bd se 
: Time 1,000 °f 32 hrs. Se ice see Ara aaa 1.7 
Ceiling 
770 ft. B. M. @ 53 hrs. per 1,000 ft. B. M. 
; 770 ; 
Time = 7000 °f Des ANS er sas erat erat wee ote de he ees 40.8 ‘ 


Forward 116.9 ‘* 
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Labor, brought forward 116.9 hrs, 


Roof boards 
255 ft. B. M. @ 20 hrs. per 1,000 ft. B. M. 
‘ : 295 « 
Time = 1,000 Of ZOIS:, = Se ey ee eee Bel! 
Shingles 
3,362 shingles @ 314 hours + 20% De 1,000 
: 3, 362 “ 
Time = 1,000 of 344 hrs 20 Gs ste tos ee 14.2 


- Windows and shutters 
4 windows with shutters @.2 hrs. each 
aMeg="4 INK? Se. Vey tae. aenene coer teteerbate 3 Bh ho Soe ts 
Doors 
single @ 6 hrs.; double @ 10 hrs. 


AP ine y:==26, Sy UO Baan ee crete ae Ce ae Re es 16sehe 
Painting and varnishing 
Total area to be covered = 640 + 616 = 1,256 sq. ft. 
On new wood work, weather boarding, ceiling, etc., where 
three coats of paint and varnish are to be applied, a painter 
should complete about 53 to 58 sq. ft. of surface per hour. 
Taking an average for the exterior and interior work of, some 
55 per sq. ft. per hour for the three coats, then: 
Time of painting and varnishing = 1,256 +55 = ........... Ze. ts 


Total labor except foundation = 183 ‘“ . 


Cost carpentry work, painting, etc., @ 80¢. per 
bry 183 XB ei ss cere ae ees $146.40 


Cost of Garage = cost of materials + cost of labor. 
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Summary 


Cost of Materials 


‘ 


SOULS eee Rea tercTO I orice tons hoketateteen aie riers Sau stVersnecsbere os $2.89 
Studs, posts, plate..... Sack erect eae chs, hai Seki Sone 9.41 
Sheathing. ved- nt) enrol oat Sys eS 9.61 
Sule sDADer's. nn weit ns bie hevale hocks SUN ahaa uae 1.46 
Water ftable. i 9.20 0). cis maylooe sunrise cure ea rare 2.43 
DPR CUS ets. 6 ok Oe ee Oe es Ce Dae aA OS 
Nec SICT Oe ae hese came oe Batons sc he ae 8.25 
STOLE tea teeter eosarc aio een Bete ete Biisltste oe ian) Sere Bhan on 52 
1 AEN GGl SG ee eee tere cP ech SRO ae er a 4,59 
BaASCia ty ez. CPay oe ta centr « ehsl er east <td at Sarthe 3.60 — 
Becvancaerowndnouldingnerestpersarte cael etens sects cls 5.64 
RAGteE state ie Latte hd teral gi aches Litnigns 2 ty Po eee 6.14 
Combined lookouts and oistswemt yet cu netass ne LeOO 
Carlin gga cea lS: lcbo, pcp nee teacher te case h cktead cca tictorals Sioa 
ROO HOATGSe nh. a enn eek co aieNe Gy Loan OL 
Shingles scnge ses ia SA Me Il oly toe 5 31.69 
NWA OWSe seh eee tne Sn erPe iion Mike cat bea 41.00 
PI GOLS Het orc ack mapctera tec toate ahead oily, SEE eed 64.44 
ENISKCTS: Petit temo ctctretaeane oe Wartna,biok ean ate ort 19.00 
INGUIS Here 24 Sar Chaar a? Sal A Seats Rete orcs 
ECU UM ron) Et AIS RR REI etic ete Stes reine e re RATT 7.50 
Wid EIISI eerie rapt, el nce entene state ttn, ciace ne abesea ma Ghee 20.00 
$292.94 292.94 
Gastror IMaterigtse: to. 24 wieapes:, $396.45 
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Brought forward, $396.45 


Hardware 
S:window: latches @-35C7. eae cote mes ee 7S 
5 sets sash pulleys, weights and cords at $1.25 per set...... 6.25 
Rear door locks"and’hinges¥. Nive) ee cock kee 1.50 
Two pair main door hinges @ $1.75 per pair.............. 3.50 
Main door bolts and lock.... ..... Paina acing eee 3.00 
4 pairs shutter catches @ 15c. per pair.../............... .60 
A pairs shutter butts @ 8c. per pair..................006- a3 72 
16.92 16.92 
$413.37 
Cost of Labor 
seul | OXCAVALIONM A: Fe, a7 VAetieale eas a Set ne $8.50 
Foundation Nconcrete work <.nn.0 cash ee ae ee 31.50 
Carpenter -work:and painting: s...... vance. ..eneee vanes 146.90 
186.90 186.90 
$600.27 
say $600 


Total cost of materials and labor, $600 


To this must be added if an architect be employed to design 
the garage, his fee at 3% of cost of constructoin, making a total 
of: 


$600 +- 3% of 600 = $618 


Also, must be added cost of electric wiring if electricity be 
used for illumination (see page 798). 


Example of Form for Carpentry Costs.—The following form, 
ased by a practical carpenter, and published in the Correspond- 
ence Department of ‘“‘The American Carpenter and Builder,’ 
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should suggest means whereby the data just given may be made 
more readily available for estimating purposes. 

It must be remembered in interpreting all such data that costs will vary 

greatly with conditions. A carpenter, for illustration, who gives his time 


and attention to general carpentry cannot lay shingles with the speed of a 
shingling specialist. 


Again, a carpenter cannot make windows and door frames by hand with 
the same speed that these can be made by machinery in a mill. The prices 


Materials in Place at 80c. per Hour 


Cost of labor Nails 
Various Materials Ft. per | hrs. per|___ 

8 hrs. | 1,000 

2 men its M ft. | L. or Sq. | Lbs. } Size 
Joists and sills........ 810 20 S16100/ er 25 20d 
Studding, placed...... 540 | 30 22-00 eee 15 10d 
RRATtEnSe a ee cate nee 405 | 40 S200 eas 15 10d 
Sheathing, vertical. ... 675 | 24 19:20) nee wa7.0: 20 8d 
Sheathing, diagonal....| 505} 32 2560 loaves 20 8d 
Bevel siding.......... 462 | 35 OW0.0) | ee 18 6d 
Rormices tA. Se 40 | 160 128100 een 18 8d 
Shingling, new roofs...| 3,600 414 3.60} .30-L 4 4d 
Lathing for plaster....| 2,476 t S360 lm. tae. 8 3d 
Lattice for porches....| 1,002 16 EZ OO ee vanck 20 3d 
Balustrade for porches. 32 | 500 400.00} .37144-L 18 6d 
Baseboards, 8” pine... 194 | 83 66.40} .614-L 12 8d 
Baseboards, 8” hard- 

WOOG Moy, Ma eth ts 97 | 166 132.80) .124%-L | .. ave 
Floors, laid, pine...... AG2™ F390 20.00 marian: 30 8d 
Floors, laid, hardwood. 90 | 180 144.00) .1334-L 30 6d 
Floors, cleaned, hard- 

WOO irs tee vie cate 90 | 180 144.00} .1334-L aah shies 
Wainscoting, pine..... AS is RT bce toe .2534-L 20 6d 
Paneling, pine........ Sortie ts ent Weacbncks .3744-Sq. ; cee 
Paneling, hardwood.... LOE Phe het i tactte 621%-Sq:| .. Ph 
Porches and verandas.. i Re tee Rae (a ain ae 1.50-L 18 8d 


M=1,000 ft. L= Lineal So = Scott, 
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here given are for work done by a general carpentry pees The 
estimator should test out these figures to see how they compare with actual 
working conditions in his community. 


The table on preceding page is made for “‘country”’ conditions, the men 
working at 80¢ per hour, 9 hours a day. 


The price varies in different localities and may change by 
‘abor conditions, and the estimator is governed accordingly. 

Shingles are for new roofs; where hips and valleys are required 
add 12% additional for each one; where old shingles and nails 
must be removed, add again (50% to total) for this work. 

The rate in the table as stated is based on 80¢ per hour. 
For other rates the following will apply: At 35¢ per hour add 
17%; at 40¢ add 34%; at 45¢ add 51%; and at 50¢ per hour 
add 68%. 


Number of Joists Required for Any Room 


Distance Joists Multiply Length Add 
are Placed on of Floor Span Wood Result 
Centers by Joists 

12 inches il I Number of joists required 
16 inches 34 1 Number of joists required 
20 inches 3/, 1 Number of joists required | 
24 inches ¥% 1 Number of joists required 
30 inches 3/s 1 Number of joists required 
36 inches By 4 1 Number of joists required 
42 inches 4/, 1 Number of joists required 
48 inches Yy 1 Number of joists required 
54 inches 2/, 1 Number of joists required 
60 inches Ve 1 Number of joists required 


Electric Wiring.—The cost of electric wiring will depend 
entirely upon the class of building in which the work is to be 
installed, the grade of materials and workmanship required, 


whether there are long or short runs of wire and conduit required 
for each outlet, toether with the method of installation. 


For approximate estimating, such as the average contractor 
will do, it if customary to count the number of outlets of each 
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kind in the entire job and figure them at a certain price per 
outlet. 


It is advisable to list the number of ceiling and wall outlets, floor or wall 
switches, base plugs, door bells, etc. 


After the total number of outlets in each building has been obtained, 
they should be priced at a certain price per outlet. 


Average Prices of Electric Wiring.—The following are the 
average prices of electric outlets installed in the building ready 
to receive fixtures: 


In cottages, bungalows or two-story residences where ‘‘knob and tube” 
work is permissible, the cost of installing the electric wiring should run from 
$3.50 to $4.00 per outlet. In store buildings and other stfuctures where the 
runs are longer than is usually encountered in residential building, the cost 
should about average from $4.00 to $4.50 per outlet. 

In cottages, bungalows, two-story residences, apartment buildings, fac- 
tory buildings, warehouses, etc., of non-fireproof construction, where the 
wires must be placed in steel conduit, it should cost from $5.25 to $6.00 for 
each outlet in the job. 

In high class fireproof structures, such as office buildings, stores, universi- 
ties, schools, hospitals, apartment buildings, etc., where first class materials 
and workmanship are required, it should cost from $8.00 to $9. 00 for each 
electric outlet in the job. 


Hints on Estimating.—The art of estimating is an important 
asset to the carpenter, especially the contractor. The better 
trained and educated he is, the more proficient he is at his work. 
He is the more sought for because of being considered reliable 
authority in the buildings arts by those contemplating building. 


The competent man knows there is no fixed standard of prices, beside 
the always fluctuating conditions in one locality, prices vary in different 
localities. Therefore there is no plan or scheme that can be depended upon 
other ‘than the skill of the estimator who keeps posted up to the minute. 
This does not argue an exact science or remove the fact that must be guessed 
at based upon an experimental knowledge of previous calculations, and so 
it is that a mastery of these conditions is essential to success in contracting, 
whatever the work may be. 


* Measure and figure. Don’t guess at what it is possible to determine by 
actual calculation. 
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The actual cost of a specified window, complete with sash, possibly just 
completed, is known. 


If the estimator is to figure a like fixture for new work to be executed 
while the same prices prevail, he discovers the percentage of decrease 
or increase at the present time and fixes the price accordingly. This 
is the best rule to follow in all the various fixtures that are made before 
becoming a part of the structure, unless, of course, he have a guaranteed 
price from the factory making them. 


Next comes that uncertainty of the cost of putting it in place, a part of 
the finished product involving labor on the job. In this the greatest skill 
must be exercised, and this skill lies in the best knowledge of the practices 
of labor, in groups, partners and separately. Whether under control of 
Jabor unions, whether to be skilled, intermediate in ability or common 
labor. Under what climatical conditions it is to be done. Are permits of 
municipality to be obtained? Does the material to be excavated consist of 
rock, earth, clay, gravel, silt or sand? Is the foundation to start on a 
bottom land that will require mud sills or piling? Is there any shoring to 
be done? Does the work involved require forms or centers? Has the 
architect and engineer given sufficient data to enable the estimator to com- 
plete his work in detail without inspecting the premises for general layout 
and conditions, accessibility, etc.? 


The careful man will not wholly depend upon this without first making a 
personal thorough inspection, familiarizing himself with them. He does 
not calculate the cost of the various haulages on materials. He determines 
the cost of the brick (?) delivered on the job. He should know the cost 
per M to lay them and how many is required for the job. The same with 
all other materials. 


By the foregoing it will be seen that conditions may develop 
whereby no fixed method other than itemizing may be wholly 
depended upon for estimating. 

However, more frequently the conditions are apparent and 
that shorter methods may be employed whereby close ap- 
proximate figures may be arrived at. 

In the case of the garage estimate itemized, it is seen to be:a class of 
work that would be computed, if by the square foot at about $2.20 per foot. 


If its measurements are cubed it will contain 3,360 cubic feet and would ‘be 
estimated at about 16c. per cubic foot. 


Estimating 801 
ag ee ee ee eT 


If the interior walls and ceiling are to be plastered or stuccoed, the value 
of about 30 yards must be added. Increasing the cubic foot rate to 163¢¢ 
per yard will allow 80¢ per yard for it. 


This rule can be intelligently used for all classes of building estimates if 
a careful record of former contracts have been kept and compiled for refer- 
ence, showing actual costs. These compared with the work in hand wil! 
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@ic. 1,692.—Wiring for heat appliances; plan of first floor. The location of the outlets js of 
importance. Usually a flush réceptacle in the base board meets the requirements. Where 
several heating circuits are used it is essential that an appliance taking a large current be not 
placed on the regular lighting circuit. To guard against this possibility, special receptacles 
should be installed, constructed for plugs which will not fit any other receptacle. 


either produce a like job or one near enough to compute. The cost of pro- 
duction at the time the work was done, the profits or loss and the difference 
in the cost for labor or material must be considered, by which it will be 
determined whether the price per cubic foot is plus or minus that of the iob 
computed from. 
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Specifications for Interior Wiring.—The specifications for 
this kind of work should provide: 


1. That the wiring shall be installed in accordance with the latest rules 
and requirements of the National Board of Fire Underwriters, the local 
ordinances, and the rules of the local electric light company, where current 
is to be taken from the public mains.- 


2. That no electrical device or material of any kind be used that is not 
approved by the Underwriters’ National Electric Association, and all 
articles must have the name or trade mark of the manufacturer and the 
rating in volts and amperes or other proper units marked where they may 
readily be observed after the device is installed. 


3. That the contractor must obtain a satisfactory certificate of inspec- 
tion from the city inspector or from the inspector of the local board of fire- 
underwriters, 


4, That if the wires are to run in a conduit system it should be so speci- 
fied. When a conduit system is used, The wires should not be drawn in 
until all mechanical work as far as possible is completed. It is best to wait 
until after the plastering is dry. All conduit systems must be grounded. 


5. Size of wires. The best method is to specify the size of all wires, no 
wire to be less than No. 14B.&S. gauge; but if the architect donot care 
to do this, the following clause is sufficient, provided he can have confidence 
that the contractor will comply with it: ‘‘All wires must be of such size 
that the drop in voltage at farthest light-outlet shall not exceed 2% under 
maximum load.” 


6. Cut out cabinets and where they are to be placed; also location of 
main line cut out and fuse. For buildings containing not more than forty’ 
lights, one distributing point is generally sufficient, although in large 
houses it is often convenient to have a cut out cabinet in each story. 


7. Number and kind of switches. All outlets should be marked on the 
plans, and the number of lights indicated by figures. 


Requirements 1 and 2 are sufficient .o insure a safe instal- 
lation. 


Approximate Cost of Wiring for Incandescent Lighting.— 
Approximate estimates of the cost of wiring buildings for 
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electric lighting are usually based on the number of outlets (not 
lamps). The actual cost will depend upon the number of pounds 
of wire required, the kind and number of switches, character of 
cut out cabinets, etc., and the time required to do the work, 
so that a close estimate cannot be made without plans and 


ces FUSS FOOT 
FOCGDICR 
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®ic. 1,693.—Plan showing one floor of a dwelling house wired with conduits. The numbers 
on the various outlets indicate the number of lamps supplied. The wiring is carried out on 
the loop system, and it will be noticed that no branches are taken off between outlets. Four 

_ circuits are used in order that there may not be more than ten lamps on any one circuit. 


specifications. Again, wages and prices of material vary to a 
considerable extent in different parts of the country, so that an 


estimate that would be about right for one locality would not 
suffice for another. The following figures (these are pre-war 
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prices and the data are retained for purposes of comparison of 
relative values), however, will enable anyone to form an 
approximate idea of what any proposed wiring job will cost. 


Count cost of iabor as not more than one-third the cost of the installation. 


For knob and tube work in new houses of less than seventeen outlets or 
twenty five lamps, with no switches except main switch and a rough cut out 
box lined with asbestos, allow $1.50 per outlet. 


For same class of work, from 25 to 100 lamps, allow $1.75 to $2.00 per 
outlet. 


The extra labor involved in‘wiring old buildings will add from 30% to 
50% to the above figures. 


For each switch loop with a single pole snap switch, add from $1.50 to 
$1.75. 


For each switch loop with single pole push button switch, add from $2.25 
to $2.50. 


For each lamp controlled by duplex or three point switches, add from 
$5.00 to $6.00. 


For each hardwood cut out cabinet with door and lock, add from $7.00 
up according to number of circuits and finish. 
Iron cut out cabinets cost from $8.50 up. 


Ordinary exposed wiring, as in factories, can usually be run for from 
$1.00 to $1.75 per drop, including rosettes, cord and sockets, the cost 
depending very largely upon how closely the drops are spaced. 


Small installations with iron armored conduit wilt probably cost from 
$5.00 to $6.00 per outlet. Large installations will cost somewhat less. 


A private lighting plant of 200 lamps, wired on the concealed knob and 
tube system, will cost from $1,250 to $1,500, and a similar plant with 600 
lamps will cost from $2,500 to $3,000. These prices include engine, dynamo: 
switchboard, etc., complete, and wiring, but no switches for controlling 
lamps. 


The iron armored conduit system will add about $2.75 per outlet. 


None of the above estimates include the cost of fixtures except in the 
case of exposed wiring. 


Drop cord and sockets cost about 90¢ per lamp. Single lamp fixtures 
may be purchased from $1.25 upwards; double lamp fixtures from $2.00 
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upwards. Combination fixtures cost about 25% more than straight 
electric fixtures. 


The price of rubber covered wire varies from $8.00 to $60.00 per 1,000 
ft. according to size, and of weather-proof wire from 16¢ to 25¢ per. pound. 


Tables 


Cost of Placing Floors by One Man 
Hours per 
1,000 fi. B. M. 
IGOrS s DING: Maine geen eRe Ree eet tos dott oaseoneg eee teen onvone 35 
Floors (yellow pine, 314” face, laid on sheathing, including paper 
between smoothing rough joints, business block)...... Saab oir 
Floors (yellow pine, 314” face, laid direct on joist, no smoothing). 2624 
Floors, yellow pine, 314” face, smoothed and sanded............ 45 


Floors, maple, 214” face, laid not smoothed ..................... 40 
Floors, maple, 214” face, laid and smoothed.................... 80 
Floors, maple, 1144” face, laid and well smoothed................ 107 


Floors, oak, fine floor, glued, smoothed, scraped, sand papered.... 320 


Cost of Bridging and Furring 


Hours per 

; 1,000 lineal ft. 

1oyo (0 (eahated. eimai - uis Ae SRS), SRG Ait Mem ei Sane olan ty Se 65 

PIACOMDIdsSlel PlOUNC Ss wth cr scae van ale ditnamcn ac ech adcieie aaa Le eae 20m 

Cost of Stair Work 

Hours labor 

on each 

Boxistaihe Ceara atkiccmras S.caaevdit oe a Se LOO a vata 25 

One flight plain stair 7 roorn house, hand rail, balusters............ 40 

One flight, fine stair, 9 room house, hand rail, paneled............. 100 
Porches in General 

Se Hors petlinealerooteae earn erable ws Bec son tkels Weeadiigdht cane eee 5 

BalustradeshourssperslO00Mimeal-feetie ots fo nirces sorts camacattlcene ber 500 


Lattice for porches, hours per 1,000 square feet................ 16 to 200 


Lath houre perele 000 pht.i ate merienst ud ods. rahe Shiner tae eae Oe 3 
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Actuary’s Estimate Tables— To find Quantities of Lumber Required 
BTUDDING on 16 inch centers. Estimate 1 to the lineal foot: This allows for doubling at openings 


corners. 

Jorste ND RAFTERS on 16inch centers. To % of the length of the building add 1; thus: Fora 
building 16x32, 34 of 32 =24, to which add 1, or 27, being the joists required, or the rafters for 1 
side. Add 1 or 2 for each bearing partition. 

ROOF SHEATHING LAID SOLID. To full area of roof add 10 per cent for waste. If laid 2 inches 
apart 24 of above Will be required. 


Count , Face Loss in To’area to 
ARTICLE Width Width Matching be comes 
11% Ns 1212 
a4 ay 1-10 
7 oP 1-8 
6 138 2 1-5 
1 ! 1-5 
13° 
2 3B 
2 27 
3 20 
zee 1% es 
Drop siding, ceiling, and partition same as above. 
To area to 
ARTICLE be covered 


SHINGLES 

When exposed 4 inches to the weather require 9 
iy a 4% “é “se “ “ ae 
“« “a 5 “« it} 4 ae “oe ‘ah 1-5"¢ “ o “a 1-10 for 
“ o 5% o weft “ tA! 6% o“ o“ Ltd Ad Waste . 
“ “a 6 a “ “ a ae 6 “e “a a mid 


CORNICES. Multiply the total lineal feet, by the combined width of planceer, frieze, and fascia - 
thus: If the planceer is 12. inches, the frieze 8 inches, and the fascia 4 inches, the combined width 
is 24 inches or 2 feet b. m. to the lineal, foot of cornice, 

CORNER BOARDS AND OUTSIDE BASE. Estimate on same plan as cornices and then add 
\Y if of 14 or Wif of 114 stuff. 

BRIDGING. Multiply the total lineal feet, measuring each string in a straight line by the following, 

For 2x6 2x8 or 2x10 on 16 inch centers by 2 


“2x12 16 ‘ “2% 
“ 2x14 16 a “ 216 
“2x6 and 2x8 12 “ > pay e 
“2x10 and 2x12 UP *s “244 
“ Ox14 122 “ “ “ 235 
LATTICE 

1% wide multiply the area by 12 for the lineal feet required.- 

1% “ “a “a “a “ 10 “a “ “a “ 4“ 

1% “ “9 “ “ i 8 it o “ Dad o 


Lath 2 
Lath when laid 8% inch apart, as for lime, require 14 to the square foo 1334 to the square 
yard to which add 4% for waste, making practicall ee the eae gage als: hy age re- 
uired increase the square feet to be lathed by 14 thus: 900 square feet require 900+-34 of 900 or 
lath plus 4%= 1404, ; 
When laid. 34 inch apart, ag for cement plasters, require 7 per cent more lath. 
‘When there.are no openings add 10 per cent to amount obtained by above. . 
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Square Feet in the Ceiling and Four Walls of Rooms 


; 7-Foot Ceilings 
PEET WIDE————— EET WD ee 
3 4 5 6 eae | 9 10 il 12 13 14 
—————-AREA SQUARE FEET————Freet Long-——--AREA SQUARE FEET——————> 


195 212 229 «246 «= 263-280 
218 236 254 272 290 308 
21 260 279 - 298 317 _336 


161 = 182 203 224 245 266 
222 


308 336 * 364 392 420) 14 448 476 504 532 560 


‘7___—«3:26- 355 (384 415 442] 15 | 471 500 529__—«558_ 587 __—*6:16 
314344 374 404 434 464 | 16 494 524 554 584s«C14sCA 


331 362 393 424 455 486 | 17 517 548 579 610s G4l «672 
398 431 464 497 530 | 19 563 596 629 662 695 728 


452 4838 524 560 596 | 22 632 668 704 «8740 «867760 = 812 
470 507 544 581 618 | 23 655 692 729 #766 803 840 
483 526 564 602 640 | 24 678 716 754 792 830 868 
506 545 584 623 662 | 25 701 740 779 818 857 8898 


484 524 564 604 844 684 | 26 724 764 804 844 884 924 
601 = 542 583 624 665 706 | 27 747 788 829 870 91 952 
618 560 602 644 686 728} 28 770 812 854 89% 933 980 
535-578 621 664 707 750 | 29 793 836 879 922 965 1008 
552596 640 684 728 772} 30 816 860 904 948 992 1036 


348 
365 
382 
399434. «© 469° 604 «539 574} 21 | 609° 644 679- 714 749 7 
416 
450 
467 


17 18 19 
AREA SQUARE FEET: 
297 314 331 348 365 382 3 
326 «344 362 380 398 416] 4 434 452 470 488 506 524 
355 374 393 412 431 450 5 469 483 507 —~«526 545 564 

404 424 444 464 484 . 504 524 544 564 0584 604 
8 
9 


21 22 23 24 25 
Feet Long——————-AREA SQUARE FEET 
i 399 416 433 450 467 184 


539 560 58k 602 623sé 44 
464 574 596. 618. 640 662 684 

471 = 494 517 540 563 586 609 632 655 678 701 724 
500 —24 548 572 596 620 | 10 644 668 692-716 ~=740 ~—s 764 
29 «554 579 604 629 654 | 1 679 704 729° «754 = «779 8804 
584 610 636 662 688 | 12 714 740 766 792 818 844 


Glé = 644 672 700 728 756 | 14 784 812 840 868 896 924 
645. «674 703 _—-732 761 790 | 15 819 848 877-9906. 935964 
674 ° 704 734 764 794 824] 16 854 884 914 944 974 1004 
7030 7tA 765 796 827. 858 | 17 889 920 951 982 1013 1044 
732 0-764 796 828 860 892 | 18 924 956 988 1020 1052 1084 
761 94 827, 860 893 926 | 19 959 992 1025 1058 1091 = =1124 
790 24. 858 892 926 960 | 20 994 1028 1062 :1096_~—1130_—*i1164 
B19 = 854 889 924 959 994} 21 | 1029 1064 1099 1134 1169-1204 
M& 884 920 Rcd aA 4028 22 | 1064 1100 =—:1186 «1172s :1208-—s:1244 
a 914 951 025 062} 23 | 1099 1136 1173 1210 1247 1284 

944 982 1020 1058 1096] 24 | 1134 1172 1210 1248 1286 =1324 
935 974 1013 1052 _1091 1130 | 25 | 1169 1208 1247 1286 —:1325 _—«1364 


964 1004 1044 1084 1124 1164 | 26 | 1204 1244 = 1284 1324) 1364 —:1404 
993 10384 1075 1116 1157 1198 | 27 | 1239 1280 1321 13862 1403-1444 
£022, 1064 1106 1148 1190 1232] 28 | 1274 1316 1358 1400 1442 1484 
2051 «1094 «=-.1137,) 1180S :1223 Ss «1266 | 29 | 1309 = 1352 1395 14388 «1481 «1524 
1080. 1124. 1168 1212 1256 1300] 30 | 1344 1388 (1432 1476 1520 1564 


—— 


= inner 
. , Explanation—For the total square feet in a room 20 feet wide and 30 feet long, ceiling 7 iced 
igh, run down the 20-ft. column and opposite 30 read 1300 square feet: 
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Square Feet in the Geiling and Four Walls of Rooms 
8-Foot Geilings 
FEET WID: FEET WIDE. 
3 5 6 ; Z 9° 10 i 12 13 14. 
- AREA SQUARE FEE Feet Long = AREA SQUARE FEET- oe 

105 124=143,'s«d2GRs‘“‘<éaE:;CO*«C*QOO | C38 | 2192288887) 76S 205° “314 
124 «144 «164.—is«*d84Cii 204k | | 24k) Oe) 28k) B04 32k 3 
143. 164 185. «206 = 2274s] «5 «| 269 ©=— 290 =~ 311332353374 
162184 206228950272} 6 404 
181204 «227, «250273 298 | 7 434 
200 22 «8928 272 «998. -=S 320] 8 464 
219 244 269 294 319 344] 9 494 
238 264 + ~=—-290 == 316. =S 342368. | “20 524 
257 284. 311338 365.392) 11 $54 
276 «=. 304 332 360 383 416] 12 584 
295 324 353 382 411 440) 13 614 
314 344 37H 404484 gt | 14 644 
333 364395 = dng = 457488 | 15 674 
352~«384—~«“dGSCSCaSSS~C~«BSS~*~«S | 16 
371 404. «487-470 «Ss 503.S 586] 17 
300 424 458 492——si526=—580 | 18 
409 4444 9479 514 549 584] 19 
428 464 —«500:_—«536—Si572——«08 | 20 | 644 680 716 +=752~« 788 «828 
447~«484—~—~«~SLSS~*~«SSSCNS ~~ | 21 | 669. 706743780 S178 
466 504 542 «= 580s «618-—«(—ié«éG | «22 | 694 732 +«©—770-s«s«iB08siBC 
485 524 563 602 641 680] 23 | 719 758 797 836 875 914 
504 5440584244704] 24 | 744«=« 784) 824 BOA kas 
52356460546 —S87_——728'| 25 | 769 810 851 «802—S—«983s«zd 
542 684 626 668 710  752| 26-| 794 836 878 920 962 1004 
561 604 647 690 733 776| 27 | 819 862 905 948 991 1034 
580 624.««G6BSC«C7I‘D-—<“‘ztéG © S00] 28 | 844 888 932 976 1020 1004 
509 «644 = G89.—s—«i734-=«79Ss 824] 29 | 869 914 959 1004 1049 1004 
618 664 716 756 802 848] 30 | 894 940 986 1032 1078 1124 

° LLL 
15 17% Sig 20 Oe Pepe oo WAS lee Sj, |e 9S 

AREA SQUARE FEET- —— Feet Long AREA SQUARE FEET- 

332 352 371 390 409 498) 3 | 447 466 485 504 523 542 
3ei3840=C(“(ié‘idk CCDC (it ak Ss | 4 | 48450452444 5G4 8A 
235 416 «= 437.—Ss 458479 ~Ss00 | 5 | 521-542 563_—584_—«GOS——2G 
“0 44 470~CS2S~SS~SS~C | «| 8880602 
457 480 503 ° 526 549 572| 7 | 595 618 641 664 687 710 
433 512 536 560 584 608| 8 | 632 656 680 704 728 752 
519 544 569 5% 619 644) 9 | 669 694 719 744 769 794 
550 576 —«602_—s—=G2B_——s«GS4—G80.| 10 | 706 732 758 ~—784— 8108368 
sa OSC OS~CSDSCG | «At | 743.770 797 824.851 878 
Giz 6406S (té«iG:C“‘<‘«é‘CA:*SC«C7HDQ| 12 | 780 808 836 864 892 920 
643 672 «701 «730 759 + «(788| 13 | 817 846 875 94 933 2 
674 «-704«=Ss«734.='«s«764~=i«‘794'=t«=«NA || «854 BBA 4:44 «= 974(1004 
705 736 767 ~—-798_~—=—«829~S— 860 | 15 | 891 922 + ~—s95S_—S984_—«1015—«104 
736768 800-882-864. ~~ 806 | 16 | 928 960 902 i024 1056 1088 
767 800 833 866 899 932] 17 | 965 998 1031 1064 1097 1130 
798 832 866 900 934 968] 18 | 1002 1036 1070 1104 1138 1172 
329 864 «899 934 969 1004] 19 | 1030 1074 1109 1144 1179 1214 
860 896 932 968 1004 _1040] 20 | 1076 1112 1148 1184 1220 1256 
91 928 -965~~«1002—«1089.~—-«1076 | -21- | 111311501187 12241261 1298 
922 960 908 1036 ©«1074:~=«d2|_-22 | 1150 ©1188 ~—«:1226.-«1264 «1302 «1340 
953 992 1031 1070 1109 1148] 23 | 1187 1228 1265 130 1343 1382 
984 1024 1064 104 1144 1184] 24 | 1924 1264 1304 1344 1384 1424 
1015 1056 1007-1138 ~—«1179-—«1920| 25 | 1261 1302 _—*1343 «138414951466 
1046. 1088 41130 41172 (1ol4  1250| 26 | 1208 1340 1382 1424 1466 1508 
1077 1120 «-:1163««1208.~S «1249S «1292 | 27 11935 1878 «1421-1464 «1507 1850 
1103 1152 1196 1240 «1284-1328 | 28 | 1372 1416 1460 1504 1548 1502 
1139 1184 1229 «1274S «s«1319-S«1364| 29 | 1400 1454 1499 1544 1589 1634 
1170 1216 1262 1308 1354 1400] 30 | 1446 1492 1588 1884 1630 1676 


Explanation—For the total square feet in a room 20 feet wide and 80 feet long, ccitiny 8 feet high, 
sun down the 20-It. column and opposite 30 read 1400 square feet. 


Estimating 509 


————— —_—_ — =e, 
Sguare Feet in the Ceiling and Four Wails of Rooms 
9-Foot Ceilings 
FEET WIDE———________—_—_————FEET WIDE 
Sue 5 7 8 9 10 ‘Vileeth ote cit 


AREA SQUARE FEET: 
3 | 243 254 285 306 327 348 
4 270 292 314 336 358 380 
5 | 207 320 343 366 389 412 
i 6 | 324 348 372 396 420 444 
201 226 251 276 301 326) 7 | 351 376 401 426 451 476 
a 
9 
10 


. 6 
AREA SQUARE FEET—————— Feet Long 


117——s 138 15S 180 201 222 


378 404 430 456 482 508 


243-270 297 324 351 378 405 432 459 486 513 540 
264 292 320 376 404 432 460 488 516 . 544 572 
2385314 343 372 401 430 | 11 459 517 575-604 
306 356 366 396 426 456 | 12 486 516 546 576 606 636 
327-358 389 420 451 482 | 13 513 575 606 637 668 
348 =. 380 412 444 476 508} 14 540 572 604 636 «6668S 700 
369 402 435 468 * 501 534] 15 567 600 633-666 = 699 732 


600 644 683 732 776 820 | 26 864 908 952 996 §=1040 1084 
621 666 711 756 801 ~ 846] 27 891 936 981 1026 1071 1116 
642-688 734 780, 826 872 | 28 918 964 1010 1056 1102 1148 


663 = 710 7 804 851 898 | 29 945 992 1039 1086 =:1133' 1180 

684 732 7 82% 876 924} 30 972 1020 1068 1116 1164 1212 

iS 16 17 18 19 20 21 22 23 24 25 26 
AREA SQUARE FEET———-—— Feet Long ————-——-AREA SQUARE FEET- 


369 «390 411 432 453 474 495 516 537, 558 = 5579S 600 


798-832 866 900 934 968 | 16 | 1002 1036 1070 «1104 011388): 1172 
831 866 901 936° 971 1006 | 17 | 104) 1076 W111 «1146 «61181 =—:1216 
864 = 900 936 972 1008 1044 | 18 | 1080 1116 1152. 1188 =:1224.—Ss 1260 
897-934 971 1008 1045 = =1082 | 19 | 1119 1156 1193 1230 1267 1304 
930 __—«968 1006 __—«:1044 1082 1120 | 20 | 1158 1196 1234 1272 ~=1301 =-1348 
963 1002 1041 :108@— 1119 1158 | 21 | 1197 1236 1275 «1314 «1353-1392 
996 1036 1076 1116 1156 1196} 22 | 1236 1276 «86.1316 «1356 = 1396): 1436 
1029 1070 = 1111 11521198 1234 | 23 | 1275 1316 =61357 1898) 1489s: 1480 
1062 ©1104 11446 «61188 «=. 1280-S «1272 } 24 | 1314 re 1398 1440 1482 1524 
W905. 1138 1181 1224 _—:1267_—__-:1810' |} 25 | 1353 1396 1439 1482 1525 ©1568 


1128 «1172-1216 1260 «1304 0S «1848 | 26 | 1392 1436 1480 1524 1568 1612 
31161 1206 «= :1251_ Ss :1206)—S «1341 1386 | 27 | 1431 1476 «61521. «1566 «1611 ‘656 
1194 1240) «1286 = «:1382)s«1378 «= 1424} 28 | 1470 1516 1562 1608 1654 1700 
1227 1274 += 1321S «1368 Ss «1415. «1462 | 29 | 1509 1556 1603 2650+ 1697 1744 
1260 1308 (356 .1404 1452 1500] 30 | 1548 1596 1644 1692 1740 178% 


Explanation—For the total square feet in a room 15 feet wide and 20 feet long, ceiling 9 feet 
high, run down the 15-ft. column and opposite 20 read 930 square feet. 
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Square Feet in the Ceiling and Four Walls of Rooms 


5 i 
FEET wing ere eee WIDE——-.———_—= 
3 4 Bens 6 7 8 9 10 11 12 13 
o-—————~AREA SQUARE FEET. Feet Long —— AREA SQUARE PEET- 
W4Y 166 191 216 241 266 291 316 341-365. 392 416 
166 = 192 218 244 270 296 2 
191-218 245 272 299 326 


416 452 488 524 560 596 | 14 632 668. 705 740 776 812 
441 _ 478 515 552 589 626 | 15 663 700 737-774 ~——si81t 348 


466 8504 542 580 618 656 | 16 694 732 770 «808 46 8K 


S41 582 623 664 705 746 | 19 787 823 869 910 95% 992 
566 —_—«608 650 692 734 776 | 20 818 860 902 944 986 1028 
§91 634 677 720 763 806 | 21 849 892 935 978 1021 106% 
616 660 704 748 792 836 | 22 880 924 968 1012 1056 1100 


17 18 19 20 21 22 23 24. 25 26 
AREA SQUARE PEET: Feet Long ——————AREA SQUARE FEET. 


441 466 491 516 S41 566 3 591 616 641 666 = 691 716 
478 =—-504 530 556 582 608 a 634 660 686 712 7338 764 
615-542 569 596 623 650 5 677 704 731 758-785 ~—«812 
852-580 608 636 664 692 6 720 748 776 «6804 832s 860 
689 = 618 ‘647 676 7205 734 Z 763 792 821 850 -879 908 
8 806 836 866 896 926 956 
663 694 725 756 787 818 9 849 880 911 942 973 1004 
700 732 764 796 828 860 | 10 892 924 956 988 1020 1052 
737770 803 836 869 902} Il 935 968 1001 1034 =—:1067 1100 
774 = 808 842 876 910 944) 12 978° 1012 1046 1080 1114 1148 
81l 846 88h 916 951 986 | 13. | 1021 1056 «=: 1091-1126 M6) 1196 
848 834 920 956 992 1028 | 14 | 1064 1100 «1186-1172, :1208_-=—s:«1244 
B85 «922 959 996 1033 1070 | 45 | 1107 1144 LWSUSsI1218 1255) abe 
922 = 960 998 1036 1074 112 | te | 1150 1188 1226 1264 1302'S 1340 
959 «(998 1037 1076 U5 1154 | 17 | 1193 © 1232 1271 «1310 §=:1349Ss:1388 
996 «#410386 «=61076 S116 —Ss1:156 1196 | 18 | 1236 1276 1316 1356 «61396-1436 
1033 «(1074 1151156 1197 1238 | 19 | 1279 1320 1361 1402 1443 1484 
1070 —*1112 1154 1196 1238 1280 | 20 | 1322 1364 1406 1448 ~—:1490 1532 
1107-1150 1193 1236 1279 1322 | 21 | 1365 1408 1451 1494-1537: 1580 
144 1188 1232 1276 1320 1364 | 22 | 1408 1452 1496 «61540 «1584 = 1628 
181 1226 1271 1316 1361 1406 | 23 | 1451 1496 1541 1586 «1631-1676 
12218 81264 1310 =—-:1356 = 1402 1448 | 24 | 1494 1540 1586 1632 ©1678 =—«:1724 
12255 __:1302 1349 1396 1443 1490 | 25 | 1537 1584 1631 1678 1725 =—-:1772 


. OO 
1202) 1340-1388 1436 1484 1532 | 26 | 1580 1628 1676 1724 1772 1820 
1329 1378 1427 1476 1525 1574 | 27 | 1623 1972 1721 1770 1819 1868 
1366 =—-1416 1466 1516 1566 1616 | 28 | 1666 1716 1766 “1816 1866 1916 
1403 «1454 = 1505 1556 1607 1658 | 29 | 1709 1760 1811 1862 1913 1964 
1440 = 1492 1544 1596 1648 1700 | 30 | 1752 1804 1856 1908 1960 2012 


wernt SE eh A Re pa a eee EN Aire aah eg 
_ _ Explanation—For the total square feet in a boom 23 feet wide and 27 feet long. ceiling 11 fees 
high, run down the 23-ft. column and opposite 27 read 172) square ‘eet. ‘ 
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The Actuary Way to Figure Roof Spaces 


The exact area of any roof, regardless of its shape, no matter how it may be cut up, is accurately 
determined as follows: Get the exact area from outside to outside of the walls on the level of the plateg 
on which the rafters rest and add for the different roof pitches as follows: 


One-fourth pitch add to area on square..........¢0«.-12 perf cent 
One-third pitch add to area on square... .....esee+00,--20 per cent 
One-half pitch add to area on square...........¢. e«-e42 per cent 
Three-eighths pitch add to area on square. .........+-25 per cent 
Five-eighths pitch add to area on squaré...........-.-060 per cent 
Three-fourths pitch add to drea on square........ «-..80 per cent 


To the fesults thus obtained add the cornice projection all round. This gives the roof area 
sufficiently accurate for all practical purposes. For illustration, take a third pitch hip-roof—building 
80 by 30 or 900 square feet at the square. Adding 20 per cent, or 180, gives 1080 as the roof area, 
including all dormers but excluding all cornice projections. Had there been a deck 5 by 6, or 30 
equare feet, then 30 plus 20 per cent should be deducted or 36 feet from 1080=1044 as’the roal 
area, exclusive of deck and cornice projections. 


; Depreciation 
FRAME BRICK, Shingle Roofs 
Stores Dwellings Dwellings Stores 
The Fig ate Parts 
Average | ciation | Average | ciation rss Average | Zafion | Average | Gsfon 
tion Rak tion tion See tion se 
Years % Years % Years Years 
80 3%) 40 3 40 off 30 ff 
ean Pec sete Pee deletes rete 75 1% 66 1 
$0 8 | 40 40 244 | 40 2 
40 24 50 | 2  |Dimension lumber..... 75 1% 66 
25 g 30 | 38% |Doorsandtrim....... 30 R34 30 34\ 
13 20 aie bimten | Floors ere aca alvin owes Sale: 20 5 13 8 
13 8 20 Ee Nin) Gees |Dardware ocr,cce) see 13 8 20 5 
80 8% | 30 | 3% {Inside blinds.............. 30 3% | 30 3% 
16 6 16 6) ja Outside blindss+09..0.. 01: 16 6 16 6 
6 20 7 14 if 14 6 16 
6 20 6 2Or= [Paint outsid@! 6. cies ocuee » vf 14 6 16 
16 6 20 5 30 3 30 314 
20 5 20 5 20 5 20 5 
4 S Hd : 16 6 16 6 
50 2 50 2 
ee rd ae : Hee Rarioal idee 
40 2% 30 3 
20 5 30 3 30 3% 20. e 
25 4 30 30 3 30 3K 


The facts in the above table were compiled by Mr, A. W. Spaulding for the Fire Underwriters’, 
Association of the Northwest. Mr. Spaulding’s investigation covered twenty-seven cities and towna 
in eleven western states, and it is believed that the table is as acourate as it is possible to produce,’ 
Bes any table will enable lumbermen to pass upon the value of the constituent parts of any kin¢ 

ig. “ 
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Miscellaneous Labor Items 


Paneling;spine js hoursiper lOO Sci ti. anrete veer ete eee 50 
Paneling, hardwood, hours per 100 sq. ft...........)...... a ose SE 83 
Drawers, dovetailed shours, €achimasceracee weal ee ee eee . 2% 
Drawers, 15” & 18”, including racks and fittings............. 2 
Shelves (in storeroom, dadoed into compartments 18” sq. hours p 

LOO:S Gi Bt eters Fests se cate ha edi YR a 62144 
Shelves, pantry, no dado, hours per 100 sq. ft. shelf............. 374% 


Closet hooks on strip of wood, 12” apart, hours per 100 lineal feet 15 
Sideboard }oaky8’SG8/,hoursise.no ee ae ee ee ee 100 
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Building Suggestions 


In this chapter are given a few suggestions for building vari- 
ous structures. In building a house the author would strongly 
advise against cheap and inferior construction. If limited as to 
price let the house be of smaller size but first class in every 
respect; this will give the best satisfaction in the long run. 


Barn Framing.—There are several kinds of frames used in 
barn construction as with houses. A type known as the plank 
frame is used extensively. Its use is due to the scarcity of large 
timbers which were formerly used, and owing to the increased 
cost of lumber especially large timbers the plank frame will be 
found economical. The standard barn width is 36. ft. and of 
any length desired. 


In construction, as shown in figs. 1,694 to 1,700, the concrete foundation 
may be 1 ft. thick, 2 ft. above grade so that moisture from the soil will not 
rot the sills. Above grade it is safe to diminish thickness of concrete to 8 
ins. 


The studding, sills, plates and rafters are of 2 X 6” lumber (plank). 
Joists are 2 X 12” supported on 8 X 12” girders built up of 2 x 12” spiked 
together, and set on 12 ft. centers supported by either 5” steel columns or 
6 X 6” locust posts, conveniently spaced. 


Each roof arch is braced down to the mow floor and bolted at the joint, 
or it may be well spiked from both sides. The floor joists are lapped (not 
butted) over girders and spiked together so as to become a continuous tie 
in tension across the barn thereby taking up any outward thrust that is 
natural from such trussing. To form the lap requires that the joiste for 
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Fics. 1,694 to 1,700.— 


Details of plank barn 
frame. 
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Fic. 1,702.—South end elevation of barn. 
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center span be 13 ft. long. The outside ends must be securely spiked tu 
, Studding and sill. 


The side walls which are framed of the 2” X 6” joists are commonly 
16 ft. long, from sill to plate. See section. It is most practical to frame— 
build together—the trusses on the floor or ground and raise them afterward. 
The double 2 X 6” sill is spiked to the bottom of the studs, one ata time, 
and the same way for the plate. The 6” rib plate which is the bearing for 
the outside end of hay mow joists are notched 1 in. into the inside face of the 


B'SHIPLAP HAY FLOOR tt 
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Fic. 1,703.—Detai\ of hay floor construction of barn. 


NOTE.—Water Tight Barn Floors. Sometimes it is desired to construct a floor - 
in a house barn to catch all fluids and keep them from going through into the basement. 
To accomplish this lay a tight floor of % in. matching, then cover that first with 
asphalt about % to 34 in. and on that lay a 1% in. matched floor. This floor should 
be properly graded, to drain to a trough. A better method is to lay a rough floor on 
the joists and put on this 4 or 5 ins. of good concrete, well laid down, not leaving 
more than 25 sq. ft. in one block using 1 in. expansion joints filled with pitch. This 
will prevent cracking and will also be water tight. There should be a gutter just 
behind the horses, and the floor should have at least %4 in. fall to each foot. The floor 
should not be troweled smooth but shonld be left rough except in the gutter, Put on 
top of the cceacrete about 2 ins. of clay. Wet thoroughly and tamp lightly into place. 
Clay is one of the best materials for horses to stand on. If a wood floor be preferred, 
lay rough planks leaving cracks wide enough so that all liquid will immediately run 
through to the concrete and be drained to the desired point. 
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studding. Frame out for windows, doors and vent shafts. Bore holes at 
exact spaces for anchor bolts that have been securely set into masonry, 
and you are ready to raise it. 


It is recommended that the bridging be of 1 x 4” material. They should 


be securely nailed when the joists are true, level and plumb. The much 
increased rigidity thus provided more uniformly distributes the load. — 


Bs SS 


Fics. 1,704 to 1,706.—Details of foundation of barn. Fig. 1,704, section through shed wall; 
fig. 1,705, section through the main wall; fig. 1,706, section of one of the piers. 


Two continuous “‘built up” girders are seen, which, of course, must be 
set level. It is important when making these girders that the butt joints 
of the four thicknesses will not come opposite or near each other. A detail 
of hay floor construction shows the center span of joists to be 13 to 14 ft. 


\ 
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Bricked Up-Hot Bed.—This type as shown in fig. 1,713 is 
an improvement over the wooden hot bed and of course is 
much better for durability as it has no wood in or on the ground 
to decay. The sash, instead of being hinged moves up and 
down, a rabbit on the sash fits another in strips AA, whicn also 
hold them securely in position and to what ever opening they 
are placed without danger of being blown off by the wind. 
The frame being so much wider than strips AA, any water 
going through the slide will run out without falling inside. 
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[EETT 
Fic. 1,713.—Home made bricked up hot bed. A, A, rabbited-pieces for holding sash. 


Beginning at the bottom the glass as set in the sash rabbit, one lapping 
the other, the depth of lap may be varied to suit glass sizes and openings. 
They may be tacked in and are made tighter by puttying. Fora good job 
the plank for frame should not be less than 114” thick and the sash 114”. 


The wooden hot bed has the advantage not, only of being portable. All 


are sunk into the ground toa depth sufficient for the required filing of 
manure and earth. 
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Boxes and Crates.—The packing or crating of household goods, 
furniture, etc., for removal is not usually classed as carpentry 
work, but the jobbing shop works up a good reputation for itself 
by never refusing an order, and therefore looks upon everything 
pertaining to woodwork and a lot of things that do not pertain 
to wood work as legitimate business. Many families that make 
a practice of moving to suburban homes for the summer months 


: 
U 
\ 
\ 
| 


Fic. 1,714.—Proper way of using cleats at the corners of boxes. 


are well able and quite willing to pay for the service of a com- 
petent man to do the packing and crating, and what follows 
constitute a few ideas on the sibject of making crates and pack- 
ing cases. 


In making packing cases a very common mistake is to get them much too 
large. Many people procure large boxes from the dry goods merchant, 
probably getting a large flimsy case is: which millinery. for example, has 
been packed. They fill this box with crockery, flatirons and preserves in © 
glass jars and then call down maledictions upon the heads of the freight 
handlers because things get broken. Packing cases should be designed with 
a view to what is to go into them and made wherever possible of a size that 
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can beeasily handled. This, though probably using up a little more material 
for the job, will save money in the end. 


Where dry goods boxes and such like have been procured they can be 
utilized by cutting them up and making them smaller, or by using the thin 
material of which they are composed for intermediate slats on the sides of 
other crates. The best way to take them to pieces is to saw through the 
sides close to the ends, thus wasting about an inch of each end of the sides, 
but obviating the chance of splitting which you are almost certain to do if 
you try to knock them apart in the usual way. After the sides have been 
cut the small pieces can be knocked from the ends and the nails withdrawn, 
with the result that all of the boards of the original case are in as good 


Frc. 1,715.—One form of crate. 


condition as ever, excepting that the sides are an inch or so shorter than thev 
originally were. 


A packing case is a simple thing to make, but being usually constructed 
of narrow boards it is often necessary to use cleats at the corners of it. 
Inexperienced workmen frequently make the mistake of putting these 
cleats on the inside of the case. 


The proper way of making the case is shown in fig. 1,714. The piece 
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nailed across the cleats at the ends as shown not only serves for a handle, 
but in many cases prevents the freight handlers standing the package on 
end. The boards in the bottom of the case are put on the short way of it 
and the top can be fixed in the same manner, or it may be made up in the 
form of a lid with the boards running lengthwise and two cleats fastened 
across them to keep them together. These cleats also should be on the out- 
side. 


Packing cases will serve for all of the smaller household goods, such as 
crockery, cooking utensils, books, etc., but do not under any circumstances 


Bia. 1,716.-—Another form of crate. 


mix heavy with light and fragile articles. Wrap all breakables separately with 
paper, straw, excelsior or something which will answer a similar purpose, 
and pack the case full so that no amount of turning end over end will 
move its contents. The larger pieces of furniture with the exception of the 
piano, it will be more economical to crate. A case for the piano can usually 
be procured from the nearest dealer and this will be a much cheaper opera- 
tion than making one. With the case secured, the crating of the piano sim- 
ply amounts to covering it with cloths to keep out the dust and moving it 
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a ee 


that fig. 1,716 is constructed in the same manner as fig. 1,715, but because 
of its greater depth the ends and sides are made of slats instead of being 
made solid. 


Garage.—Figs. 1,717 to 1,723 show a garage for one car, 
being wide enough to accommodate a small work bench. By 
extending the width to 18 ft. as suggested by the dotted line the 
garage would be large enough to accommodate two cars. 


The doors are built up or batten doors such as can be made on the job 


fics. 1,724 to 1,727.—Front elevation and details of model bungalow. 


and hung on strap hinges opening out in two halves. However, should 
space prohibit that they may be made in 3 parts, the door to the right 
hinged to the center one and the two carried on an overhead track to 
against the side wall as dotted lines show. 


To allow of backing the car in the garage and to one side, conveniently, 
the doors are 6” from center showing a 12” wider space at right of door than 
at left. 


The cheapest frame construction is to set the studding 4’ apart and cut in 
three rows of purlins between sill and plate, on about 2'10” centers, varying 


828 Building Suggestions 


s 


according to height of frame and inclose with 74” match boards same as 
door is made of with corners as at B, of broken side elevation. 


The best floor construction is of cement with a slight pitch so that water 
will drain, 


Model Bungalow.—The suggestion for a bungalow shown in 
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Fic. 1,728.—Floor plan of 
mode! bungalow. 
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figs. 1,724 to 1,729 is an example of a cheaply constructed yet 
durable building. There is no cellar. The girders are supported 
on locust posts. 
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Fic. 1,729.—Foundation plen 
of the small house shown in 
accompanying views. 
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A cheap grade of ship lap sheathing is used and the shingles 
may be a No. 2 grade of red cedar of promiscuous widths, 
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’ Fic. 1,730.—First floor plan of 
small house. 
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policy to try to save money on a roof 


although it is very poor 


better get the best shingles obtainable. 


The exposed ends of the rafters are dressed and hand shaped. 
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The dotted lines show roof plan. 


Second floor plan of small house. 


Fic. 1,731. 
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They are on 2 ft.centers. The floor will be laid single of matched 
Carolina pine, that of shorter lengths because it costs less. One 
third of the attic will be floored over with a cheap flooring. The 
trim will be of white wood or Carolina pine. 

' The exterior trim will be of fir or white pine. Section A is the 
side elevation of hood over front door. Section B, is side 
elevation of storage room and shows how the roof continues 
over it. 


Fics. 1,732 and 1,733.—Front, east or south, elevation of small house. 


Partition C, may be moved 2 ft. out into living room, making the bed room 
2 ft. wider and sliding doors may be built between the two rooms, entering 
the back bed room by taking a corner from the bath room. By narrowing 
the closets to 20” the room may be made 10” deeper, or a good hall closet 
may be made off the hall-way or passage, and retain the present con- 
veniences. The doors willbe of fir, of two panel stock sizes. The front door. 
will be a stock pattern 134” thick. All ivory black wrought hardware 
furniture. The plan contemplates 3 ways to finish the interior walls and 
ceilings: 1, wood lath, patent wall plaster with a white skim coat hard 
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NORTH, GA EAST ELEVATION. 
Fic. 1,734.—North, or east elevation of small house. 


SOVTH of WEST ELEVATION 


Fis. 1,735.—South or west elevation of small house. 
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finish; 2, dress the studding, use a better grade sheathing and stain interior, 
and patent wall board on the ceilings, panelled off with 34 X 114" strips, 
and 3, use all wall board on the interior. 


Small Two Story House.—The accompanying illustrations 
_ figs. 1,730 to 1,735 show design for a small house that can be 
_built at a reasonable price. 


Fic. 1,736.—-Diagonal latt ce work. 


Lattice and Grill Work.—Among the interesting items which 
are included in the numerous list contained in carpenters’, 
joiners’ and woodworkers’ practice is the construction of the 
details of lattice and grill work. 


The simplest form of this branch of the business is the open square ory! 
diagonal criss-cross lattice shown in fig. 1,736 of the illustrations, which — 
consists of planed plasterers’ four foot laths, set diagonally and nailed top, | 
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Fic. 1,737.—Example of lattice work over door. 


Fries. 1.738 to 1,740.—More examples of interior lattice work over door. 
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middle and bottom to a fixed frame or the underpinning of a piazza, stoop 
or veranda. The construction of this kind of lattice, whether the laths be 
placed diagonally or square, is so simple as to require little description, the 
only essentials being that the laths should be parallel, of uniform widths 
and thicknesses, and that the spacing, generally equal to the width of the 
strips themselves, be equal and regular. 


It is best put together on a floor or perfectly flat surface so as to be “‘out 
of wind” and strong. The nails should be wire, thin and long enough, so 
that they can be ‘‘clinched”’ or turned over from the reverse side. When 
this lattice is enclosing the upper part of a porch, etc., for the purpose of 
gaining privacy, both sides must be smooth and clean and an occasional 
screw inserted in various places will add to the rigidity and stability of 
the surfaces. 
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CRAFTER 34A 


Small House 
Construction — 


It has become increasingly evident that a careful planning 
is of paramount importance especially in regard to small low 
cost dwellings, where’ the capital available tor design purposes 
is necessarily limited. In recent years there has been an ever 
increasing interest in the planning and design of smaller homes 
with the best possible room arrangement as well as an advan- 
tageous appearance. 


In the low cost house, the principle of plan efficiency, economic 
use of materials and proper equipment which are important in 
any class of dwelling, becomes increasingly important. Here 
every square foot of space, every odd corner, every length of 
pipe, as well as every foot of timber must be used to the best 
advantage. 


Due to the interest in the design and construction of such 
dwellings a number of plans has been developed by the Federal 
Housing Administration, Washington, D. C. and are, due to’ 
their proven popularity, reproduced on the following pages. 
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836-2 Small House Construction 


Construction Details House ‘‘A”-—In fig. 1740A, the walls 


of the house may use standard 8 foot studs except on the gable 
sides. The framing is extremely simple, with one interior bear- 
ing partitition permitting either one span of 24 feet, supported 
in the center, or two spans of 12 foot joists. The plumbing is 
united on one stack, permitting a minimum of piping. The 
living room is heated directly from the heating unit. The bed- 


FIG. 1740A—This dwelling may be considered the minimum house for a small 
family. All of the functional arrangements of a home are included, such as 
easy access to the bathroom from any of the other rooms, etc. 


rooms are heated from a duct carried below the ceiling con- * 
struction, the bathroom by the hot-water storage tank. 

Figs. 1740A and 1741A shows the basic design features al- 
though a number of variations are possible. Besides utilizing 
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different materials, variety may be achieved through variation 
of the character of the roof, orientation of the house, and 
changing the location of openings. Where it can be afforded, a 
porch may be added, or a garage designed in connection with 
the house will increase the range of variation in appearance. 


BED ROOM 
IS KI -F 


LIVING ROOM 
2x 21-4" 


FIRST FLOOR 


FIG. 1741A—Showing floor plan of house shown in fig. 1740A. The addition 
of a basement in a dwelling of this type is not considered practicable. If, 
however, this house were built with continuous foundation walls instead 
of on a foundation slab, it would probably cost approximately 10% more 
to build. 


The exterior walls of the house may utilize any one or a com- 
bination of two of the materials commonly in use, such as wood 
siding, shingles, brick, concrete block, stucco or stone. 
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Construction Details House ‘‘B’’-—The wall construction in 
fig. 1742B is similar to house in fig. 1740A. Again, only one in- 
terior bearing partition is required, this time running the long 
dimension of the house, permitting two spans of 12 feet each, or 
ene span ef 24 foot joists supported under the main partition 


FIG. 1742B—This house represents an increase in comfort over the house 
previously shown. Here the kitchen is separated from the living room 
otherwise the simplicity of the accommodation is maintained. 


by a bearing member. No cutting or special framing is required 
except around the chimney. Plumbing is designed to permit one 
stack, though the length of branches varies with the alternate 
arrangement. The rooms, except for the one in which the heater 
is placed, are heated by ducts or radiators. | 
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The same approach in exterior design is fotlowed as in fig. 
1740A. The accompanying drawings endeavor to demonstrate 
that attractiveness is not inconsistent with simplicity and that 
charm may be achieved without resort to expensive or‘elaborate 
details. This house is developed in a modern manner using wide 


LIVING ROOM 
19-6" x 13-6 


FIRST FLOOR 


FIG. 1743B—Floor plan of house depicted in fig. 1742B. In this house, by 
utilizing a portion of the space devoted to the utility room, a stairway may 
be introduced and a basement added by an additional investment of 20 to 
25% of the on cost. : 


tongue and grooved horizontal flush siding with a hipped sheet- 
metal roof. Other materials may be used such as stucco, brick 
or stone with equal effect. Here also a re-arrangement of doors 
and window openings may readly be made to suit individual 
requirements. ; 
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Construction Details House Ge 


In fig. 1744C the exterior 


wall has been designed generally for standard lengths of stud, 
using balloon framing; and the floor framing has been designed 
to utilize 16 foot floor joists carrying between exterior bearing 
walls. Framing in the opposite direction will in all probability 
not prove as economical or provide as satisfactory a tie for the 
walls of the house. 


FIG. 1744C—This house is provided with the Same amount of accommoda- 
tion as house shown in fig. 1742B, but, is a two-story house and will fill 
the demand of these who desire their bedrooms on the second floor. 


The plumbing has been designed to permit one soil stack. A 
heater room has been provided on the first floor, and, if desired, 
laundry trays could be included in the same space. 

When designing these accommodations in a two-story house, 
the saving by eliminating the basement is not as marked as the 
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one-story house, and it is quite possible that, in northern cli- 
mates, it would be more advisable to provide a full basement, 
substituting a dining room for the heater room as illustrated 1 in 
the alternate plan shown. 


KITCHEN 
TOS" 


UTILITY 
5:0°» 8-11" 


LIVING ROOM 
(OI? © (5°3" 


{6"3" 


KITCHEN 
o'er Bt” 


DINING ROOM 
, &:0°r Sr 


SECOND FLOOR 


FIGS. 1745C and 1746C—Floor plans of house whose exterior is shown in 
fig. 1744C. If a basement be provided the alternate floor plan shown will 
provide for a dining room in place of the heating room and so provide for 
additional ‘comfort. The second floor plan provides for two bedrooms in 
addition to a bathroom and closet space. 
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Construction Details House ‘‘D’’-—The framing of thishouse 
can be most economically accomplished by the use of 16 foot 
floor joists extending from the rear to the front walls, cut where 
necessary to frame around the stair opening. 

The bathroom has been located directly over the utility room, 
permitting the use of the single soil stack and vent. An over- 
head hot water system adaptable to first floor operation has 
been shown in this plan in order to use space economically. In 
this installation the radiators are placed against the interior 
walls to permit the return piping to be carried above the con- 
crete slab of the first floor. Other types of heating for first floor 
operation can be used where space for interior fuel storage is 
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FIG. 1747D—This house offers the same accommodation but gives an in- 
creased variety in arrangement over the plans previously shown. 
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- not required. Where a basement is provided still greater flexi- 
bility may be had. 

In the elevation of this house, the same attempt has been 
made as in the former to keep the roof line as low as possible in 
order to keep the proper relationship or proportion between the 
height and width of this dwelling. 


LIVING .& DINING ROOM 
1T-10" «15-1 


BED ROOM 
1-9" = 12-O° 


SECOND FLOOR 


FIGS. 1748D and 1749D—These plans, with the principle outlook of the 
living room as well as of the bedrooms, to the rear, are particularly suitable 
when the lot has capacity for the development of a rear yard. 
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The addition of a garage, connected to the house, as indi- 
cated, adds breadth to the design and tends to diminsh the 
stilted quality which is so difficult to avoid in the design of 
small two-story structures. . 

While wood siding has been indicated on the drawing, it may 
be built of any of a number of materials, such as brick, concrete 
block, shingles, reinforced concrete, stucco or stone. 


Construction Details House ‘‘E.”’- 
either a warm-air heating system with a register opening directly 


a Me 


FIG. 1750E—This is the most spacious of the low cost group of fone Tt 
illustrates markedly the possibilities of an economic design for a house 
requiring three bedrooms. A house of this type can be framed with 20 ft. 
floor joists supported on a bearing member below the partition between the 
kitchen and the utility room. 
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FIGS. 1751E and 1752E—In an 
accommodation requirement 
of this kind a two-story plan 
is preferred to the one-story 
plan, on account of better 
economy. The bathroom is 
located directly over the utility 
room, which permits one soil 
stack for the fixtures in the _ 
utility room, the kitchen and 
the bathroom. 
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‘in the living room and ducts carrying the heat to the bedrooms 
and bath or for a hot-water system. If a basement be included, 
greater flexibility in planning for the heating of this house may 
be had. It is then possible to include steam and adaptation of it 

‘together with the other types mentioned previously. 

_ Each room has been provided with cross ventilation, and 
light has been provided for the stair hall. The same approach 
in exterior design is followed as in figs. 1744C and 1747D. The 
drawing endeavors to demonstrate that houses of this kind may 
be attractively designed without excessive ornamentation. Bya 
study of the proportions, the spacing and size of the openings, 
and their relation to the wall area,'a pleasing result can be | 
achieved without great expense. While the drawing shown in- 
dicates the use of wood siding, it may be built of any one of a 
number of materials, such as brick, concrete block, shingles, 
reinforced concrete, stucco, stone or a combination of them. 
The size of the house, however, requires that the treatment of 

, material as a feature of design be kept simple; and in no case 

should a combination of more than two materials be used. 

This house provides an elaboration of accommodation over 

the dwellings previously illustrated. Even without a basement, a 

greater differentiation of space for living, dining, and cooking 
functions is permitted; it becomes possible to place the entry 

so as to preserve the privacy of the living room, larger bedrooms 
and greater privacy for the bedrooms are likewise featured. 
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L] AUDELS WELDERS GUIDE.................... $1 


A CONCISE, PRACTICAL TEXT ON OPERATION AND MAINTENANCE OF ALL WELDING 
MACHINES, FOR ALL MECHANICS. 

Over 400 pages, fully illustrated, 5 x 614 x 2, flexible covers. 

Covers Electric, Oxy-acetylene, Thermit, Unionmelt Welding for sheet metal, spot and pipe welds, pressure 
vessels and aluminum, copper, brass, bronze and other metals, airplane work, surface hardening and hard 
facing, cutting, brazing—eye protection. EVERY WELDER SHOULD OWN THIS GUIDE. 


1 AUDELS ANSWERS ON BLUE PRINT READING... $2 


COVERS ALL TYPES OF BLUE PRINT READING FOR MECHANICS AND BUILDERS. 

376 pages, very fully illustrated, service bound, pocket size. 

How to read scales—the standard symbols—detail and assembly prints—the different kinds of working 
drawings; orthographic, pictorial, descriptive—development by parallel and radial lines, conventional lines, 
triangulation. Warped and other surfaces—specifications—how to sketch—how to make working drawings— 
how to make blue prints—short cuts—helps—hints and suggestions. 

“The blue print of to-day is the machine of to-morrow.’’ The man who can read blue prints is in line for a 
better job. This book gives you this secret language, step by step in easy stages. 

NO OTHER TRADE BOOK LIKE IT—NEW, COMPLETE. 


[| AUDELS OIL BURNER GUIDE.......... ees) 


A new practical, concise treatise explaining in detail both domestic & industrial oil burners, including electrical 
hook ups and wiring diagrams. 

Over 375 pages, 320 illustrations & diagrams. Flexible binding, pocket size. 

Fully covering the Theory, Construction, Installation, Operation, Testing, Servicing & Repair of all oil burner 
equipment. Fully indexed for ready reference. 


[_] Audels REFRIGERATION & Air Conditioning Guide $4 


4 Books in One; covering basic principles, servicing, operation, repair of:—1. Household Refrigeration. 
2. Special Refrigeration Units. 3. Commercial and Industrial Refrigeration. 4. Air Conditioning Systems. 
A gold mine of essential important facts for Engineers, Servicemen and Users. 

A Good Book is a Good Friend! Here you have at your fingers’ ends a Complete Library in ONE VOLUME, 
‘the necessary data you have been looking for on: MODERN UNITS, SYSTEMS & MACHINES, REFRIGER- 
ANTS including Freon, Quick Freezing, Lockers, Water Coolers & Air Conditioning Systems. 

1280 Pages, 46 Chapters all Fully illustrated & Indexed for Ready Reference with Answers to Your Questions. 


(1) AUDELS POWER PLANT ENGINEERS GUIDE. .$4 


A COMPLETE STEAM ENGINEERS LIBRARY IN ONE BOOK WITH QUESTIONS & ANSWERS. NEW 
FROM COVER TO COVER. 1500 Pages, over 1700 clear, expertly drawn Illustrations, Graphs and Charts. 
1001 FACTS & FIGURES AT YOUR FINGER ENDS. For all Engineers, Firemen, Water Tenders, Oilers, 
Operators, Repairmen and. Applicants for Engineevs’ License Examinations. 

SPECIAL FEATURES INCLUDE: Boilers, all types; Boiler and Engine room Physics; Fireman’s Guide; 
Boiler Examination Questions; Boiler Operation; Pulverized Coal Systems; Instant Steam; Boiler Fix- 
tures; Boiler Repairs. and Calculations; Boiler Accessories; Feed Pumps; Feed Water Heaters; Econo- 
mizers; Feed Water Treatment and Deaeration; Injectors; Safety Valve Calculations; Mechanical Stokers; 
Oil Burners; Condensers; Air’ Pumps and Air Ejectors; Evaporators; Steam and Hot Water Heating; Pipe 
Freeing ture Engines; Valve gears; Turbines; Compressors; Hoists; Gas and Diesel Engines; Lubricants 
and Lubrication. 

65 Instructive, Interesting Ilustvated Chapters — ALL FULLY INDEXED FOR READY REFERENCE. 


1 AUDELS SHEET METAL WORKERS 
HANDY BOOK.....................9] 


Containing practice" inside information, essential and important facts and figures. Easy to understand. 
Fundamentals of sheet metal layout work. Clearly written in everyday language covering: Aircraft sheet 
metal work, principles of pattern cutting, sheet metal work layout, development of air conditioning 
ducts, sheet metal machines, welding sheet metal, boiler plate work, practical drawing, how to read 
plans, geometrical problems, mensuration. FULLY ILLUSTRATED. READY REFERENCE INDEX. 
388 PAGES—HANDY SIZE—FLEXIBLE BINDING 


C AUDELS SHEET METAL PATTERN LAYOUTS .$4 


10 Sections, 1100 pages, 350 layouts, 1600 illustrations. > 

A PRACTICAL ILLUSTRATED ENCYCLOPEDIA COVERING ALL PHASES OF SHEET METAL WORK 

INCLUDING PATTERN CUTTING, PATTERN DEVELOPMENT AND SHOP PROCEDURE. 

10 Big Sections Covering: Heating & Air Conditioning Duct Patterns—Special Sheet Metal Layouts— 

Layouts for various sheet metal shapes—Conductors, Leaders and Leader Head Layouts—Gutters and 

Roof Outlet Layouts—Sheet Metal Roofing Patterns—Skylights and Louvers Pattern Layouts—Cornice 

ee Leash Metal Boat Patterns—Geometrical Problems, Mensuration and Sheet Metal 
athematics. ; 

Developed by experts for Sheet Metal Workers—Layout men—Mechanics and Artisans, Apprentices and 

Students. A MASTER BOOK COR ALL THE SHEET METAL TRADES. 


C1 AUDELS MATHEMATICS & CALCULATIONS 
FOR MECHANICS..................$2 


MATHEMATICS FOR HOME STUDY OR REFERENCE. 700 pages, 550 illustrations, pocket size. 
This work has been arranged as a progressive study, starting with the first principles of arithmetic and 
advancing step by step, through the various phases of mathematics, including the many necessary rules 
and calculations, for figuring mechanical and electrical engineering problems. Thousands of mathematical 
calculations and tables, fully indexed for quick use. 

Practical mathematics from the beginning. How to figure correctly. New, easy, correct methods covering 
a complete review of practical arithmetic. Illustrated with examples. Includes mensuration—plane and 
solid geometry—trigonometry—algebra—calculus—electrical and mechanical shop calculation—practical 
tests—reference tables and data, How to use the slide rule. A REAL HELP TO ALL MECHANICS. 


[1 AUDELS NEW MACHINISTS & TOOL MAKERS 
HANDY BOOK.....................$4 


COVERS MODERN MACHINE SHOP PRACTICE IN ALL BRANCHES. 5 PRACTICAL BOOKS IN ONE. 

New from cover to cover. Tells how to set up and operate Jathes, screw and milling machines, shapers, 

drill presses and all other machine tools. 

1600 pages, fully illustrated, & X 62 x 2, flexible covers. Indexed. 5 sections, 60 chapters. Easy to 

tead and understand. 

A complete instructor and reference book for every machinist, tool maker, engineer, machine operator, 

mechanical draftsman, metal worker, mechanic and student, covering lathes, screw and milling machines, 

cid ga eh eealbanin fattest Pht ibaa chet 1: ar pHi Fe dhe trenton caine biue 
—3: mathematics for machinists—4: shop physics—-5: ho se fhe slide ru 
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O AUDELS DIESEL ENGINE MANUAL........$2 


A PRACTICAL, CONCISE TREATISE WITH QUESTIONS AND ANSWERS ON . 
TICAL OPERATION AND MAINTENANCE OF MODERN DIESEL ENGINES. ie eta SS talo 
384 pages, fully illustrated, flexible binding, pocket size. 

Explains in simple, concise language Diesel operating principles—engine starting—air starting valves— 
fuel spray valves—inlet and exhaust valves—valve timiny—fuel pumps—fuel injection compressors— 
Starting air compressors—scavenging air compressors—pistons and piston rings—cylinders—lubrication 
—cooling systems—fuel oil—the engine indicator—governors—engine reversing—semi-Diesel engines— 
fib os ey SErhis apeee eh cy BROUGHT aU Agi calculations, including two-cycle 

iesel engines. - THIS BOOK 
TO ENGINEERS, OPERATORS, STUDENTS. che i SN Sy 


C) AUDELS MECHANICAL DICTIONARY. ......$4 


A WORD BOOK FOR MECHANICS, COVERING THE MECHANIC ARTS, TRADES AND SCIENCES. 
950 pages, 534 x 8 x 134, flexible binding. 

A very useful book. If constantly referred to will enable the student to acquire a correct knowledge of 
the words, terms and phrases in use in mechanical engineering and its various branches. Included ara 
valuable tables, formulas and helps—an encyclopedia as well as a dictionary. 


C AUDELS NEW AUTOMOBILE GUIDE........$4 


A PRACTICAL READY REFERENCE FOR AUTO MECHANICS, SERVICE MEN, TRAINEES & OWNERS 
Explains theory, construction and servicing of modern motor cars, trucks, buses, and auto type 
Diesel engines. 1540 pages, fully illustrated, 5 x 6%2 x 2. 55 chapters, Indexed. 

FEATURES: All the parts of an automobile—automotive physics—the gas engine—pistons--piston 
rings—connecting rods—crank shafts—the valves—the valve gear—cams and cam action—valve timing 
—cooling systems—gasoline—fuel feed systems—the mixture—carburetors—automatic choke—super- 
chargers—transmissions—synchro-mesh—clutches—universals and propeller shafts—the differential— 
rear axles—the running gear—brakes—wheel alignment—knee action—steering gear—tires—lubrication 
—ignition systems—magneto ignition—spark plugs—ignition coils—distributors—automatic spark 
control—ignition timing—generators—starters—lighting systems—storage batteries——Diesel engines. 
A STANDARD BOOK FOR AUTO MECHANICS AND OPERATORS. 


C1 AUDELS MARINE ENGINEERS HANDY BOOK .$4 


AN ENTIRELY NEW, MODERN, PRACTICAL TREATISE FOR MARINE ENGINEERS (ALL GRADES) 
FIREMEN, OILERS, MACHINISTS, HELPERS AND STUDENTS, WITH CALCULATIONS AND 
QUESTIONS AND ANSWERS FOR EXAMINATIONS. 

1246 Pages—23 Chapters, logically arranged—fully illustrated and Indexed for Ready Reference, 
Practical Information in a handy form covering all branches of Marine Engineering with step by step 
solutions on hundreds of problems: : 

Marine Engineering Physics—Combustion and Fuel—Steam and its Properties—Marine Boilers—Oil 
Burners—Fuel Oil—Marine Steam Engines—Engine Governors—Steam Turbines—Diesel Engines—Gas 
Engines—Pumps—Refrigeration—Lubrication—Pipefittingy—Pipe Covering—Deck Machinery—Ship Proe 
pellers—Marine Electrical Practice—Tables & Data—First Aid— License Requirements—Specimen 
Examinations for Merchant Marine Engineer Licenses. , 

Indispensable for upgrading, examinations and for.ready reference. A library in one volume. 


CJ AUDELS PUMPS, HYDRAULICS, ini 
AIR COMPRESSORS.................94 


A WEW MODERN, CONPREHENSIVE GUIDE ON PUMP, HYDRAULIC AND AIR PROBLEMS FOR 
ENGINEERS, OPERATORS, MECHANICS, STUDENTS, WITH QUESTIONS AND ANSWERS. 
1658 Pages—3 Books in one—fully illustrated. 
Practical Information covering: , é 
PUMPS—SECTION A—908 PAGES:. Centrifugal—Rotary—Reciprocating Pumps—their theory, cone 
struction, operation and calculations. Air and Vacuum Chambers—Power Pumps—Air Pumps—Jet Con 
densers—Surface Condensers—Condenser Auxiliaries —Condenser Operation—Calculations. Cooling Ponds 
mph qe a Supply—Hydraulic Rams—-Special Service Pumps—Automotive Fire Pumps-—_ 
redges—Code. P 
HYDRAUL!ICS—SECTICN B—320 PAGES: Hydraulic Physics—Drives—Machine Tool Power—Accumuc 
fators—Elevators—Airplane Control—Automobile Brakes—Shock Absorbers—Presses—Turbines. 
AIR COMPRESSION—SECTION C—406 PAGES: Compression—Work—Compressor Classification—~ 
Parts, Types—Inter and After Coolers—Regulating Devices—Installation—Lubrication—Operation—~ 
Maintenance—Blowers—Superchargers—Pneumatic Hand Tools. 
& PRACTICAL TREATISE with a Ready Reference Index of 24 Pages. 


(1 GUETHS MECHANICAL DRAWING.........$I 


A‘CONCISE DRAWING COURSE. 150 pages, 50 plates, size 6 x 9, flexible cover. 

A complete instructor and reference work on: Drawing tools and their use, drafting room and shop 
practice, laying out sheets and lettering, important rules for working drawings, three views.and isometric 
simple models, joints and carpentry work, machine drawing, projections, sections, intersections. warped 
surfaces, method of plan of elevation, method of vanishing point, shades and shadows, points, lines and 
planes, prisms and pyramids, spheres, screw surfaces, shadow perspective. How to use the slide rule. 


[1 ROGERS DRAWING AND DESIGN.........$2 


MECHANICAL DRAWING SELF TAUGHT. : 

506 pages, 600 illustrations (many full page drawings), flat-opening. eke 

A standard work, with all details so clearly explained that this valuable training is easily obtained 
without an instructor. Covers terms and definitions, how to use drawing board—instruments, 1 square, 
triangles, how to do lettering, shade and section lining, geometrical drawing, development of surfaces 
and isometric, cabinet and orthographic projections, working drawings, explains how to do tracing and 
make blue prints, how to read prints, machine design. Reference index, with valuable tables. How ta 
use the slide rule. A STANDARD STUDY TEXT FOR DRAFTING KOOM AND SHOP. 


C] AUDELS MILLWRIGHTS & MECHANICS GUIDE .$4 


PRACTICAL LATE INFORMATION ON PLANT INSTALLATION, OPERATION & MAINTENANCE. 
1206 pages, completely illustrated, 5 x 6/2 x 2, flexible covers, fully indexed. 1000 facts at your fingertips. 
For millwrights, mechanics, erecting maintenance men, riggers, shopmen, service men, foremen, inspec- 
tors, superintendents. 5 

Section 1: Mechanical power transmission—2: millwrights and mechanics tools and their use—$: build- 
ing and construction work—4: plant operation and maintenance—5: installation and, maintenance of 
electrical machinery—6: practical calculation and technical data—how to read blue prints. 


C) AUDELS CARPENTERS & BUILDERS GUIDES 


A PRACTICAL ILLUSTRATED TRADE ASSISTANT ON MGDERN CONSTRUCTION FOR CARPEN.~ 
TERS, JOINERS, BUILDERS, MECHANICS AND ALL WOODWORKERS. 

Explaining in practical, concise language and by illustrations, diagrams, charts, graphs and pictures, 
principles, advances, short cuts, based on moder practice. How to figure and calculate yarious jobs, 
Vol. 1—Tools, steel square, saw filing, joinery, furniture—431 pages—1200 illustrations. 

‘Jol. 2—Builders mathematics, drawing plans, specifications, estimates—455 pages—400 illustrations. 
Vol. 3—House and roof framing, laying out, foundations—255 pages—400 illustrations. 

Vol. 4—Doors, windows, stair building, millwork, painting—448 pages—400 illustrations. 

4 VOLS., 1600 PAGES, 3700 ILLUSTRATIONS, FLEXIBLE COVERS, $6. EACH VOLUME POCKET 
SIZE. SOLD SEPARATELY $1.50 A VOL. 


1 AUDELS PLUMBERS & STEAMFITTERS GUIDES 


A PRACTICAL ILLUSTRATED TRADE ASSISTANT AND READY REFERENCE FOR MASTER 
PLUMBERS, JOURNEYMEN AND APPRENTICE STEAM FITTERS, GAS FITTERS AND HELPERS, 
SHEET METAL WORKERS AND DRAUGHTSMEN, MASTER BUILDERS AND ENGINEERS. 
Explaining in plain language and by clear illustrations, diagrams, charts, graphs and pictures the 
principles of modern plumbing practice. 

Vol. 1—Mathematics, physics, materials, tools, lead work—874 pages—776 diagrams. 

Vol. 2—Water supply, drainage, rough work, tests—496 pages—6126 diagrams. 

Vol. 3—Pipe fitting, ventilation, gas, steam—400 pages—900 diagrams. 

a VOLS —t670, PAGES~s6ez. DIAGRAMS--FLEXIBLE COVER 3 
4 —1670 642 — OVERS, $6. EACH VOL. POCKET SIZE. 
SOLD SEPARATELY $1.50 A VOL. : 


Cj AUDELS MASONS & BUILDERS GUIDES 


A PRACTICAL ILLUSTRATED TRADE ASSISTANT ON MODERN CONSTRUCTION FOR BRICK- 
LAYERS—STONE MASONS—CEMENT WORKERS—PLASTERERS AND TILE SETTERS. 
Explaining in clear language and by well-done illustrations, diagrams, charts, graphs and pictures. 
prneleles advances, short cuts, based on modern practice—including how to figure and calculate 
various jobs. 
Vol. 1—Brick work, bricklaying, bonding, designs—266 pages. 
Vol. 2—Brick foundations, arches, tile setting, estimating—245 pages. 
Vol. 3—Concrete mixing, placing forms, reinforced stucco—259 pages. 
2 VOLS—-1100 PAGES “2007 ILLUSTRATIONS COMPLETE SEX, go ERGA 

yet Ss 6. EA 
FLEXIBLE COVER) $1.60 A VOL. » SP ENGI Mele, (PECHET ee 


AUDELS ENGINEERS & MECHANICS GUIDES ..$I2 
C Single volumes | to 7............... each $1.50 


et -VOWMOSS 6, asin once oo do DOOD 


HELPFUL INFORMATION IN HANDY FORM. ; 

For every engineer, mechanic, machinist, electrician, fireman, oiler, engineer student, this Master Sef 
is a gold mine of daily, practical helps for workers in every branch of engineering. A self educating study 
course for the student, the standard reference work for the chief. Thousands of rules, tables, calculations 
and diagrams make it easy to read and fearn. Latest inside information on theory and practice of modern 
engineering for reference, study and review. Thousands of new short-cuts that make the job easier. 

B® pocket volumes with ready reference index, 4500 pages, 7750 illustrations. Easy ta read. Highly ene 
dorsed. Help in securing engineer’s license. 

Vol. 1—Engine principles, valve setting, pumps. 470 pages, 847 illus. 

Vol. 2—Corliss, unifiow, pumping, contractors engines. 500 pages, 997 illus. 

Vol. 3—Locomotive, marine, turbine engines, indicators. 375 pages, 793 illuSa 

Vol. 4—Gas, gasoline, oil engines, producers, aviation. 475 pages, 640 illus. 

Vol. 5—Steam, fuel economy, boiler construction. 525 pages, 755 illus. 

Vol. 6—Firing, oil burners, stokers, repairs. 575 pages, 999 illus. 

Vol. 7—Pipe fitting, hea..ng, refrigeration, elevators. 556 pages, 1074 illusa 

Vel. 8—Wiring and electrical reference. 1040 pages, 2600 illus. 


(_] AUDELS ANSWERS on Practical Engineering. .$1 


QUESTIONS AND ANSWERS COVERING THE FUNDAMENTAL PRINCIPLES GOVERNING PRAC- 
TICE OF STEAM ENGINEERING. FOR ENGINEERS, FIREMEN, MACHINISTS. 
288 pages, fully illustrated, handsomely printed and bound. 


[] AUDELS QUESTIONS & ANSWERS FOR | 
ENGINEERS AND FIREMANS EXAMINATIONS... $1 


An aid for Stationary, Marine, Diesel & Hoisting Engineers’ Examinations for all grades of Licenses. A new 
concise review explaining in detail the Principles, Facts & Figures of Practical Engineering. Over 500 Pages 
& 435 Illustrations of Questions & Answers, fully indexed for ready reference. Pocket size. 


(_] AUDELS SHIPFITTERS HANDY BOOK........$1f 


288 PAGES OF INFORMATION, INSTRUCTION, PICTURES AND REFERENCE CHARTS, TOGETHER 
WITH MANY SHORT CUTS AND TROUBLE SAVERS FOR SHIPFITTERS IN THEIR DAILY ROU- 
TINE. EVERY SHIPFITTER NEEDS THIS BOOK. NO OTHER TRADE BOOK LIKE IT. 


[_] AUDELS AIRCRAFT WORKER..............$1 


A HANDY POCKET BOOK FOR ALL MECHANICS, LEADMEN, LAYOUT MEN, DRAFTSMEN, DE- 
SIGNERS, APPRENTICES AND STUDENTS. 240 pages—fully illustrated and indexed. Flexible binding. 
Answers your daily questions with clear, concise practical information, pointers, facts and figures. 


OC PAINTING & DECORATING METHODS... . .$2 


A TEXTBOOK FOR APPRENTICE AND JOURNEYMAN. PRODUCED UNDER DIRECTION OF INTER} 
NATIONAL ASS’N OF MASTER PAINTERS AND DECORATORS. 

Over 300 pages—fully illustrated. PRACTICAL INFORMATION—EASY TO UNDERSTAND. 
The purpose of this book is to help educate men to be first class journeymen house painters and decorae 
tors. Painting problems are quickly and easily worked out by its aid. gihe 
Covers tools, materials, outside and inside work, floor and wood finishing, paper hanging and_calciminings 
A simple, progressive outline for each class of works 


( AUDELS GARDENERS & GROWERS GUIDES 


EXPERT GUIDANCE FOR BETTER FRUIT, FLOWERS, VEGETABLES. | , 

Here is your opportunity to get a vast amount of expert plans—helps—hints—suggestions—secrets—~ 
short cuts—discoveries for better results. $ 

4 practical help reference volumes—1700 pages—rich, flexible covers—hundreds of illustrations. 

Vol. 1—Working, fertilizing, irrigating, draining the soil—284 pages, fully illustrated. 

Vel. 2—Good vegetables and market gardeniny—443 pages, fully illustrated. 

Vol. 3—Fine fruit culture, cash crops—492 pages, fully illustrated. 

Vol. 4—Beautiful flowers, successful cultivation, propagation. Over 500 pages, fully illustrated. 
EXCEPTIONALLY VALUABLE BOOKS FOR SUCCESSFUL GARDENING FOR PLEASURE OR PROFIT. 
COMPLETE SET OF A, $6. SOLD SEPARATELY, $1.50 EACH.. 


(] AUDELS QUESTIONS & ANSWERS FOR 
' ELECTRICIANS EXAMINATIONS..........$1 


A PRACTICAL BOOK TO HELP YOU PREPARE FOR ALL GRADES OF ELECTRICIANS LICENSE 
EXAMINATIONS. A Helpful Review of all the fundamental principles underlying each question and 
answer needed to prepare you to solve any new or similar problem, which while being asked differently 
still calls for the same answer and knowledge, 

Covering the National Electrical Code, Questions and Answers for License Tests; Ohm’s Law with 
applied Examples; Hook-ups for Motors; Lighting and Instruments; 250 Pages. Fully Indexed and 
MMlustrated. Pocket Size. Flexible Covers. A COMPLETE REVIEW FOR ALL ELECTRICAL WORKERS. _ 


C1 AUDELS WIRING DIAGRAMS FOR 
LIGHT & POWER...............4...91 


Electricians, wiremen, linemen, plant superintendents, construction engineers, electrical contractors 
and students will find these diagrams a valuable source of practical help. , 5 
This book gives the practical man the facts on wiring of electrical apparatus. It explains clearly itt 
simple language how to wire apparatus for practically all fields of electricity. Each diagram is complete 
and self-explaining—210 pages, illustrated. A PRACTICAL, HANDY BOOK OF HOOK-UPS. 


C AUDELS HANDY BOOK OF PRACTICAL 
ELECTRICITY ..............0..222$8 


FOR MAINTENANCE ENGINEERS, ELECTRICIANS AND ALL ELECTRICAL WORKERS. 

1340 pages, 2600 illustrations. 

A quick, simplified, ready reference book, giving complete instruction and practical information on the 
rules and laws of electricity—maintenance of electrical machinery—A.C. and D.C. motors—armature 
winding and repair—wiring diagrams—house lighting—power wiring—cable splicing—meters—bat- 
teries—transformers—elevators—electric cranes—rzilways—bells—sign flashers—telephone—ignition— 
radio principies—refrigeration—air conditioning—oil burners—air compressors—welding, and many 
modern applications explained so you can understand. 

THE KEY TO A PRACTICAL UNDERSTANDING OF ELECTRICITY, 


C HAWKINS ELECTRICAL GUIDES ...10 Vols.—SI0 


IN 10 FLEXIBLE POCKET BOOKS—$1 PER VOL. 


ELECTRICIANS, STUDENTS AND ALL DESIRING A WORKING KNOWLEDGE OF ELeer en 

( 5 DGE T 

AND ITS APPLICATION. eae ee 

These books are especially for ambitious men who are training for advancement or likely to he called 

Por Ali jousice of their regular tine; for ready reference, and all who want information regarding 
ical appliances. 


A ready reference index, planned to render easily accessible all the vast information contained in the 
10 electrical guides; 


C AUDELS ELECTRONIC DEVICES..........$2 


TELLS WHAT YOU WANT TO KNOW ABOUT THE ELECTRIC EYE, 

Covering photo-electric cells and their applications. Includes easily understood explanations of {the 
workings of the electric eye, amplifiers, anodes, candlepower, color temperature, illumination, frequen- 
cies, photo tubes, grid basis, voltage, photo-electric tubes, photocell, vacuum tubes, the oscillator. 


electron tubes, electrons versus atoms, Ohm’ i i 
Fe I LST ae Law, wiring diagrams, 


C1 AUDELS ELECTRICAL POWER CALCULATIONS $2 


275 TYPICAL PROBLEMS FULLY WORKED OUT. 

Gives and explains the mathematical formulae and the fundamental electrical laws for all the everyday, 
practical problems im electricity—Ohm’s and Kirchhoff’s laws for Direct Current—the generation and 
application of alternating current—problems in series and parallel circuits—transformers—transmission 
lines—electrical machinery. Valuable notes on Radio Circuit Calculation. 

With 289 Diagrams, and Tables on Conversion, Wire Gauges and Capacities, etc. Other Data; Symbols, 
Formulae. 420 pages, fully diagrammed. Two parts (A.C.—D.C.). Indexed. 

EVERY ELECTRICAL WORKER & STUDENT NEEDS THIS MODERN “MATHEMATICAL TOOL.” 


1 AUDELS NEW ELECTRIC DICTIONARY... .. .$2 


FOR EVERY WORKER WHO HAS TO DO WITH ELECTRICITY. 

The language of your profession in convenient, alphabetical order so you can instantly locate any 
word, phrase or term. To be an expert in any line, you must “‘talk the language.’”’ Audels New Electric 
Dictionary enables you to understand and explain electrical problems so your hearer will thoroughly 
understand you. 

Defines more than 9000 werds, terms and phrases in plain and unmistakable language, compiled with the 
same accuracy and thoroughness that has characterized Audel books for 65 years. 

Valuable as an Encyclopedia of Electricity and as a Dictionary. 

AN ABSOLUTE NECESSITY TO EVERY ELECTRICAL WORKER AND STUDENT, 


C1) AUDELS NEW RADIOMANS GUIDE........$4 


A KEY TO THE PRACTICAL UNDERSTANDING OF RADIO. FOR RADIO ENGINEERS, SERVICE- 
MEN, AMATEURS. . - 

750 pages, 400 illustrations and diagrams. Size 5 x 6'/. 

Features: Radio fundamentals and Ohm’s Law—physics of sound as related to radio ¢:1eince—electrical 
measuring instruments—-—power supply units—vresistors, indicators and condensers—rau.u transformers 
and examples on their designs—broadcasting stations—principles of radio telephony—vacuum tubes— 
radio receivers—radio circuit diagrams—-receiver construction—radio control systems—loud speakers— 
antenna systems—antenna systems (automohile)—phonograph pickups—public address systems—aircraft 
radio—marine radio equipment—the radio compass and principle of operation—radio beacons—auto- 
matic radio alarms—short wave radio—coil calculations—radio testing—cathode ray oscillographs-—= 
static elimination and radio trouble pointe’s—underwriter‘s stanaards units and tables. 
AUTHENTIC, CLEAR, CONCISE, 


C1) AUDELS NEW ELECTRIC LIBRARY. .$1.50 a vol. 


FOR ENGINEERS, ELECTRICIANS, ALL ELECTRICAL WORKERS, MECHANICS AND STUDENTS. 

Presenting in simplest, concise form the fundamental principles, rules and applications of applied 

electricity. Fully illustrated with diagrams & sketches, also calculations & tables for ready reference, 

Helpful questions and answers. Trial tests for practice, study and review. Design, construction, operation 

and maintenance of modern electrical machines and appliances. Based on the best knowledge and 

experience of applied electricity. : 

Vol. 1—Principles and rules of electricity, magnetism, armature winding, repairs—700 illustrations— 
480 pages. 

Vol. 2—Dynamos, D.C. motors, construction, installation, maintenance, trouble shooting—573 illus 
trations—418 pages. 

Vol. 8—Electrical testing instruments and tests, storage battery construction and repairs—631 illus. 
trations—472 pages. : 

Vol. 4-—Alternating current principles and diagrams, power factor, alternators, transformers—801 
illustrations—484 pages.. ; i bengal 

Vol. 5—A.C. motors, windings, reconnecting, maintenance, converters, switches, fuses, circuit 

; breakers—1489 illustrations—498 pages. ; 

Vol. 6—Relays, condensers, regulators, rectifiers, meters, switchboards, power station practice—689 

: illustrations—548 pages. Pe x 

Vol. 7—Wiring—house, light and power, circuits, high tension transmission, plans, calculations, code, 
marine wiring practice—1218 illustrations—728 pages. 

Yol. 8—Railways, signals, elevators, ignition—1078 illustrations—812 pages. 

Vol. 9—Radio, telephone, telegraph, television, motion pictures—793 illustrations—576 pages. 

Vol. 10—Refrigeration, illumination, welding, x-ray, modern electrical appliances, index—1084 illus- 
trations—674 pages. 

Vol. 11—Electric mathematics and calculations—700 pages. 

“ol. 12——Electric dictionary, 9000 words and terms—550 pages. 

COMPLETE IN 12 VOLUMES—EACH VOL'JME SOLD SEPARATELY AT $1.50 EACH. 


MAIL ORDER 


THEO. AUDEL&CO., 49 W. 23rd St., New York10,N. Y. 


Please mail me for 7 days’ free examination the books 
marked (X) below. I agree to mail $1 in 7 days on each book 
or set ordered, and to further mail $1 a month on each book 
or set ordered until I have paid purchased price. 

If Iam not satisfied with Guides I will return them. 


DAudels OIL BURNER GUIDE. . $1. 
ODAudels REFRIGERATION & Air Conditioning Guide. 4. 
OiAudels POWER PLANT ENGINEERS GUIDE . 4. 
Audels PUMPS, HYDRAULICS & AIR COMPRESSORS. 4. 
CjAudels WELDERS GUIDE... . as We hee Lae es 
(JAudels BLUE PRINT READING. ° ene: 
CiAudels SHEET METAL WORKERS Handy Book 2% 0 
OlAudels SHEET METAL PATTERN LAYOUTS . 8 
DiAudels AIRCRAFT WORKER. stay 
SAudels MATHEMATICS and CALCULATIONS. | 2. 
OCjAudels MACHINISTS & TOOLMAKERS bat Book a AS 
CAudels MECHANICAL Dictionary . . cee 
(KjAudels AUTOMOBILE GUIDE . . se 4. 
OjAudels DIESEL ENGINE MANUAL .. : 2. 
DAudels MARINE ENGINEERS Handy Book . ° » 4 
yi C. : OAudels SHIPFITTERS Handy Book oh fel te eae 
ou Lar i iGueths MECHANICAL DRAWING COURSE | 1 1 1 
{ : [Rogers DRAWING and DESIGN. + sion Weta 
Look Over : OAudels MILLWRIGHTS and Mechanics Guide. . | 4. 
: (QAudels CARPENTERS and Builders Guides (4 vols.) . 6. 
\ id. : (QjAudels PLUMBERS and Steamfitters Guides (4 vols.) . 6. 
Any Guide | DAudels MASONS and Builders Guides (4:vols:)).. Pan 
: OMaster PAINTER and DECORATOR eae: 
In Your : DJAudels GARDENERS & GROWERS GUIDES (4 vols. c) * 6. 
‘ : ODAudels ENGINEERS & FIREMANS EXAMINATIONS . 1. 
p OAudels ENGINEERS and Mechanics Guides 
Own Home fQ Nos. 1, 2, 3, 4,5,6, 7and 8 compiete . . . . . .12. 
; poo q OUAudels Answers on Practical ENGINEERING . . . . 1. 
Q (OMAudels ELECTRICIANS EXAMINATIONS .... . 1. 
Chagas it & ODAudels WIRING DIAGRAMS... oe wea 
. 4 CJAudels Handy Book of PRACTICAL ELECTRICITY ase 
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